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PREFACE. 



Thb TQlame, together with the three graded Geographies previouslj published, and a treatise on Astronomj, forming 
the Author's contribution to the Uniyersitj Series of School Books, was commenced in 1866. It is the joint labor of ills 
wife, daughters, and self, and constitoted one of the chief sources of their home recreation during their residence in 
England* There the best sources of information were kindly and freely opened to him. This, combined with the 
knowledge and experience acquired or perfected in the superintendency, for fifteen years, of the Washington Observatory, 
made the undertaking congenial, and the occupation as charming as labors of love always are. 

The aim throughout the series has been to strip these two most important branches — Geography and Astronomy — 
of dry details and mere technicalities, to popularize these fields of knowledge, and make them as interesting and 
instructive to students as possible. * 

The Author's investigations for his *'Wind and Current Charts," in which he was aided by the vessels and 
governments of the maritime nations, and the insight that these gave him into the Physical Gbogbaphy of thb 
Ska AM) ITS Meteorology, also afforded him some rare advantages for preparing the present general treatise on 
Phtsical Geoobapht. 

Besides these special and original sources of information, he has, in the preparation of this work, had access to 
the best and choicest fountains of recent geographical and scientific knowledge, and has revised his MS. up to the date 
of going to press. 

A science of recent growth, Physical Geoobafhy depends for its truths and general principles upon extensive 
and prolonged observations. These observations have been made for too short a time and over too limited an area, 
^to furnish more than the basis for a complete science. The quickened and enlarged interest that has been awakened 
in physical researches, the more perfect instruments and appliances that are now used and that will be still further 
improved, and the patronage and encouragement of enlightened governments, will doubtless lead to the solution of 
many of its yet unsolved problems. 

It has been one of the great aims of the author of this book to prepare its readers and students to understand and 
take an intelligent interest in this noble science, and especially to awaken in the minds of the young that spirit of 
observation and patient inquiry which has already won from nature so many of her most hidden secrets. 

In the preparation of the numerous charts which enrich the volume, the author has had the assistance of one 
of the most accomplished chartographers of the country; and the skill and beauty with which they have been 
engraved upon copper are very gratifying. The pictorial illustrations, which so abundantly explain the text and 
adorn the pages, have been designed and engraved by some of the first artists in the country, or obtained from 
European sources, and testify to the liberality of the publishers, and their purpose to present this work to the 

public in a most attractive garb. 

M. P. MAUEY. 

Lkxinoton, Viboinia, November, 1928. 



PREFACE TO THE REVISED EDITION. 

The progress of science anticipated by the author in the foregoing preface, has rendered desirable the preparation 
of a revised edition of the Physical Geography. While engaged in this labor, the reviser has sought to meet the 
demands of our schools for brief books by abridging somewhat the earlier edition, without, however, impairing its 
completeness. To a considerable extent a re-arrangement of the materials has been adopted. But the aim has been 
throughout, to preserve, so far as possible, the charm of the author's style. 

The tvpographical arrangement of the text, the -topical analysis at the end of each chapter, and the test 
questions will, it is believed, greatly facilitate the use of the book in the class-room. 

in the prosecution of the work the reviser has invoked the counsel of many eminent scientists and experienced 

educators. To them all he begs to express his obligations for their valuable suggestions. The book owes much to 

their kind assistance. It is hoped that it will be found abreast of the times, and well adapted to lighten the labor 

cf the teacher, and to kindle the interest of the pupiL 

MYTTON MAUEY. 
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ftiiK of Ike tlHtf fitrenm.—'V'^f thov^ tliat u 
n of Iht (TuU-rs at tho Oiilt BtntHrn makes Ibu uircuit 

^ Qnlf nt Mexiti) lius ut lali' bwii coJIeil in ■}U'«lioii. 
h coiinRctinn Uus fcillnwing Iptirr fmin B. A. C'oloniiu, 
t, Clii«f Officer iu llie U. S. roast oiiil Oandetic purvey 

Ituieut, U exuwdint;!; intt^restliig Hud liii[iort«til : j 



W>-Ul: 



', Knvmithir OVti. UtC [ 



—Your icllsr of ITtii iii«t. W"i» July n*dTH] 

B|i*rint«tjili'iil 'i'honi who n'fiirn'il it lo Ililx OIHih". 

|.o( work on my i-nturu liutu u idiort Ivnvi? Idis |iiv- 

} nu'hi^r NUniitinn. 1 diiw have thr hiiaor tu ouy by 

a of tll9 Supefititetiilpnl ihat /A* *j^f)c( faria in re- 

II thr cinulaHon uf t!if mttrr in thr Oulf of J/Mi'w 

V hn jJnfcrf; let ftoce 7M*( had mfficieiil obneniilion*, 

VtlbHirralioiifl «t ilMji tien (iiirreiita, miil thn iisanl ainnd' 

^ iruro. during the siiwoii of 1885-0, wjtifiut'd to thn Oulf ' 

I line from Cai* Florida (Fo»fL>y Itoi* tA^hl 

t) to Grcnt lIikhnmAa ; daring thn ^uusoii of 1)M-T tlio i 

)uflui-d t(j Ihu vtuinily of wM und cf '^bo. Key 

[nnJ VuculAn. Notiout tliUwork lim beeti puUliahiMl, 

1'. wfinlil "hi'il *ny pftrtieulnr llglit upon llie 

ton prii,K>uu<]vil by yoii us to tJiL' circiil«tiOfi "t l.he | 

B iu the Qulf iif Mnxini. Our laic i.>ip]omlioiiB iniliDuto 

t t\u> aiIh ot thn <iiilt Stmniii bugs llir west ctmal at 

. cliMvly, Buil tbut Ihu Gult Stnjutu cucrout* ans much 

' Tnflanu-iHl by Uw nuKin in tu.'tnrittuice witii her litu>- uf 

traiwit niid bor iloclinntinu. 

So bir a« Ihp Gulf i>f Metion is c«nc«niMl I do not tblub 
that tlii'rK is luiv citvuUr. wvU-iU'tlncd uurrorit nhuut li" 
CJn'uiiifcron™. The warm siirfHtiu water jirobably Hows 
icarc tn-oly liiwnrd tlie weal •.'iMst of Florida than it iloos I 
toward tlie const of ToKBs ur of Me»i«>. Althoiigb tliui vipw I 
in fuiiiuloil aiimuwiiat uu nllniatii? unil tidnl inilicatimis. it is 
Inrgtly iiiferentinl. An I Imve wU! lictor<<, the mntter is 
now HDdcr ceiwldemlioii ; wliuii wt know uiore About what 
lokm plKce at tjie east end of Culu and thenoti wi^twiknl 
alODg ill) north Hlioro to tbo Strait of Florida, wo will lie 
n«ily tu giri! mure jmrlk'uUr attentiou tu malten In lhi> 
OoU. TbiJ gri«t flow u( wntiT tlirtnigh Ihe Strait ol 
nhwsrd, ninHt. lie ittipplini train samewhi.-ni ; lU 
e Umpvt»Wro in'Ji(iat«« it* i«««n( arrivHl fmiD the 
I, [ifeHUiuably set Into Lbe (,'aribl>BHU Sen, and up into 
(Oalf iif Mnxiivi, by tbi! trudi'-wimls, oiul thuiioe jiro- 
~' id (n Hccnrdanee with thnlHwxiif fluid inot.ion. Whether 
^irlwla supply of WHtur for the UuU Sin-Hm rcuebi>s the 
A ijtnut nround the west (-nd of Cubit, ur not, unanol 
^bn niwlMcl. it is hop«d rhal. tim Miuoit'* work of 
tl will aliad li(;lit upon tliln aiiiijcoU 

Youw, reapiwlIullT, 

IJ. A, roLoNsi. 



Thi' I'e/nrUi/ of the ftitlf Stnutm.— neoi-al ob- 

Btrvationa ..f MoiiU'imiit rillniiury. i.f ibn Tiittvil Himum 
Xav.v, show limt the tKlodty of tlw (liilt Htrmini vnrleawlth 
tbo jMisiLicm of tbn moiin, •'The gnvileit reWity i« iibnal 
nine hours bnft^in the nr>i<'^r tMmdt if the moon. Thi 
dtrangvdt Hiirtau> rurfMit olnvrveJ waa flvt- acnl um-.taurtti 
VaoU — the wisliait, one unci thriw-Aiurlhi^ — the mengt 
timw mid nU-tontlm Imirt*." Thoiw rcHiiltn «ii>, m a rul*, 
hlgli»r Uiiiii thoiHi h[l1i«rti> pwn. 

it ajipcnrs aUo that tlin tjwFd of the Miirfa'ifl waler of Uie 
Uulf SLrnani ia retardcid )isnw|ilihly by aiirihi^rly and nartb- 
wint'Tly winds, «iid acmrlenitiid by thuno Imm thp Mutlt- 

Durlng Ibe eoniing wintvr tlin United Stitive vcssd Rlab; 
under iiinimalid ot [.Utiteaant PilUbury, will t'i>riLtiii»< to 

bifi^iitigutii tbe Gulf Strtwm eurrc.ni.. SIih wUi alIl^bo^ atx 
hundred mlln? imrtl^-uasl. ot [tarbodiKS, d'lring January and 
the Arm [*rt 'if Fobruarj. nnii will W in the tmi/k ot 

tillips Itoui ^ut)i Atlalitlu [lurtH Iu lilt; Ujilt'.il Blttl«). 
Tbi^ Inst, [lurt nf February and antil Mfty abe will li- 
ln'twut^u thei Wl-Hl ludla lalaudfl, iMgllining ai. I'l'fnldad 
and tmding at tli«culd Bahama (.'hauunl. U 1» uspeitiixl that 
Iiieatunant Illlshnt^'* mport wilt ho iif value, and that 
■omi- i>uUii« rvgnnllug tb> Gnl( RtTx-nm cnrreittfi will b« dv 
tenniaiid with gmiter exiurliies* tliikh n» yut b jiw^lble, 

JCarty I'tUffue^tiutt XarigntioH.—itr. FbnnafHlffr 
luts roecnily imid« wine litlonwting und mitnidiiw dieoov- 
erios In t\w folk-lore ut tJie I'otyiiertan iHlnnibi. Ut wtyn 
that " from about llio HoinmeiiMrio«tii nf i.fici rkvunlh rent- 
ury, for two or three liundred yRon. ilv tilk-l(in> In all tJie 
principcil groiiis iH^L-omea t*i>b*ti' * Itli tbi' l-'iKeiids unit oouge 
of II nuinlwr n( reautrioibb nivii. uf Imiil cxpLillIioiw, Stirling 
udTenturwj, and voyage* undertukun to tnr,«ir lands, " 

For si'Vim or eight geneTatious, the iiavigatun ut tile Ituub 
ing groups, troni the Sandwich IilaodH in tbo north to Ibe 
Sot'ioty Brou|i In tbu nwilb. nn.l from the Friendly Itlunda 
in tli« wiMt to tbe M«rqueKM in Ibe «wt, worn nwuHotned 
to interchange viritB, and to voyngu freely to and fro. with 
far more amuraniv' uud lietler seamunihip than wcrp dis- 
played by the early Grer.k und Il«llaii MtllurM In tbe Kedi- 
terfBiiean. Yet the distanoes tbns truvcreed noiucIIuibi 
exceeded 3,l)0t> miles, and nruwwl the region of both the 
north and the south trade wimls, and the M>|iintortHl calm 
belt. 

Such foots show that, in Hecounting for tbo niovnniBnlaof 
population In primitire times, mrns diolanwi and illflteiiltlM 
of navigation need hnrtlly be takru into aeuouiit. The pew- 
sililB iKwring uf this njion Bucli (]Uestion» as the Aniatii; 
firigiii o( tha North Amerinu Indiaun will »t "nee he won.. 

.SMcifffrf,— Rewint olwenralicrtw sorui to iiulfoat* that 
along tie uHut Uiere i* no audi thing a; Ibw popular sca- 
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I luvnl." The K&rtiwD nt the sen al any given point an a 
will Iw higher fif lower iii pniportton to tUp siluntiiin 
1 null «Ultniip <if Lliu nelelibortiut laii>J-uiitBfi«tr. 

Lufl; muutiUins uttrect tin? nrntur tnil iibvHto tin' si-h- 
1 IvTcl ftbuvf the nt-cntgii height. It U coDBJileNJ, tli^refom. 
tliNi Uiu vriiUr, Imiug ivllmoiM) hjr tlie eiiiOuaitii; ctiiitliu-ata, 
•< UiH nirfnw* nf liw l^0Mn on-ju «n> Juwcr in Ihd c«ntn> Ulan 
Kut tbe sidiK. 'fho ikpniMiou of tbf AtJantiu oentm Is onU' 
V RUtMl by wimif t« Ik lull uj- twelve fiwt i byollieni lur mop-. 

■iii'iiMuwdrtbouttwiiIviT 
■ n'ftm lis grwik'Hl. 
iihinniJ living tliiuR 
■I I'.irm, Init f^Illof*■. 
■. .il-.iui t-liror-fonrth* iif hti 
^ itu-Ji in leuirtii. and wiw Bhapitl sotnowliut. like a li<b(it<M'. 

J O'/T fif iitam.—Om uf llie itiindew of thn Yellow 
P'ltone Park i» a cUff of olraidinn, whicli Prof. Jobi>|i1i P. M- 
[ din^t). of thft I!. S, Orol'igieal Hnrvny. saw "iB as tni« 
I i^law Hn any lu-tiflcially mwiiifutMured." The cUB i« abnut 
I IihII » milt lonj{ liy frotn l.iO to 300 r<'et high, and |ir<«ent« 
I a iiartiol KTRticin ot a surtarx flow o< citi&idiaii whicJi |>u>lre(I 
L ilnwn Ml anclont ^tope fi-mu Uie plalcau lying fist, 

reiocUu of Aiirnncc ufCyrlmtlt- StariMK—Jhe 
! aTeragn progressire velocity of cjtloiiio storms is jtivcn liy 
I PrnTMsdr LoomlsasfollowN: Bay of Bengal and China ik-a, 
I e^i inllea par lioiir : WpbI IniUi-s. W.7 ; Europe, l(i." ; miil- 
I' lII■^ latitu^pj of Allantic Ocenit, lli.O ; United SUU«, 38.-1. 
I Oiur Uko ragion seems, therBfori!. i« [mmisvss IIii; unhappy 
[• pn'-cnilneniJi' of lieiog visitnd by tho faatist- moving, ns well 
( «j the ma»t niiinerous stonns in the worlil. 

'• t<w( /Wf'ei'd."— NumerouB '"ioBt rivam" occur in 
I liiB aouihwatlt'm jiortioii of thp Unitwl StittM. Among the 
' tributarily nt thn Itio OnuiiK for instance, thoro arc n. niim- 
whicfa n^a(-l> Itio nialu stri^aiii after u heavy rain, wltilo 
I Hi other liuies tht-y urn "lost " in n tiriMTkiah niunih cir aiunll 
I iHkr, ur CVI11 in thf sanilot I hoi r own lied. OnusiKh stream 
I U m(intlnni!il whioh thus ilisapptnrcd Within tlu spavu of 
r tvunly rods. 

Thfi Krrthatoa EnipHon. — tiio n( the urnst Av- 
[ atractive volcault- eruptions over kiiottn ouourn-d Aug. 27, 
I IStJS, in iha ialand uf Krakalou (or KmkuUu). in the StmitK 
I otSnnda, illnstmtin^ trhat is said in the Icxtfp, Xl)), on tho 
|volciinic. ncliviiTof ihiH n-jflon. Thu small islands in tlio 
I vlninlty wr-ru intrwl t) a Kpth of from ten to ihinj 
I tuRlcrs iritli Tolcault vhe^ an I piimiii which also fell i>t 
a for hiindiwlsnr n JW in turydirwLion. Two-llnnis of 
I the iahuid win. subuiLrg I und thi w ittr now eiivi-rs thw 
>i till diplh 1 f n<Mo 1 IKKI fnt. 

t\> than 40 1)00 huiimn btings itirwhRlmcd by thu 

I or 111 r I Ijcnmih fnilini; (iitilBrB pcrishwl on tlii) 

'' ' '■< and llio aljor^nt choirs of Java anil 

itwlf was uiunUbit^ 

) vast an-as of tht m.-riin. hnnilivdf of 

r iiind nsarly wivorwl with Hinting puiiiiw, 

"" lUoo, nifljH unilor the dirrction of tho 

kI that thphclghtofthi- column of 

ploh arrwo from thi' crati^r «»» front nine 

« amount of Bulirl matter Ilirowii out. 

r irabiR miliii. The noi^; uf the ox- 

If baanl huiidn'ds nt inilos away. 

1, Vbt tKTAH row, on Aug. 28. two fool 

. iodinatinir that thn gnat iravc 

la whluh anoompanlcd tho eruption, 

* briittdUi of tliu PauiSu. 



Th*^ on WtilH nf ttttbn, nn tha wfsl ahnni of il|| 
Caspian &••». have roaoheil n yield of a mllli<in Unw perai 
[tutu. The carlicsL wuUs ilntit baok. tor ccnluiin, tail iinM 
williin the last lltleMi ywt* Iia3 Ihc work of itbudning I! 

o|[ hoen art i vol y prtmncnted. 

.1 Xeti- JUi-rr Onnlii.—Uemn] AnnonknlT, a llns 
onginoer, proposo* in form, by iiTigni.ion. a nnw oast* B 
to n mlli!^ In li'Mirlh ii< ("nitboi-n Turhi»=taQ. Hu ■u^p' 
diverting » jmrlion of Ihe wntei' t.i Lhc Oxiis inl 
riiinl "liAi.uvNninriingin thi< dln^trlion r.r Men. Thean 
U ''Inyi^v. mill. It wutittitt. wmild, it la iKillnvud, prCTo h 
(i-rt.ilc- Thi! imsisuf Khiva, and niiolhiT nnar Mot, i 
tumii'd in a similar manner. 

Th« Chnrleiit4tn ftntrtAf/WrtJwTft.— Porai'vprmlwo* 
dntini! fitim Aiifiuat !tl»t, IS^, a lar^ area ot ll"i ~ 
8lMt«a, imbmcing nearly all the Atlantic Hlope and a 
siilembli; portion of the Minsfssippi Valli?, liaD hi 
by a iwrica of rorlhi]Uaki! sliDukK. 

Thp Htart.iiig point of thcsB distnrb>ni:H>»- wiw In the C 
]ina«, and tha I'ily uf Charloslon and its neii^hborhoixl witd 
tho fiuuiir of tho nioat violent and diaaBlroiis YieiUition8.j 
Beyond this area, shocks ot gnatcr or lias iiit' 
fi'lt as far norlh as Vermont, and M-on in ihi' CmiarllaNj 
Froviiicu of Untarlo : as far mutli as tho Gulf of Mexloqa 
and us far west us Miuhigan and MiasourL The t 
violent shock occurrni at 0.5t un the nigh) of Auffust Sin. 1 

MiiS FEATtJiiFs. — As dwi'tibttd 'ly ohaurvBre, the t 
tuaturas ot Uie disturbBIioi' were B» [oilovrs : 

(1.) A Itemor, vtoli-nl und destructive near tho origlll,J 
and diminishing In inConstty towanl thi'oiiti>rbound«of it 
an-« distnrlwd. An obaui^er at {Jharh-stoli spctikH of ll U 
a "mdo, rapid qnivtr,'* agitating the lofty strong.valln 
building in whir^h he was, as though hy the hand of «Oibi| 
resistlutiB |Hiwer. " From fit^ to last," ho safe, "it WM m 
onntinnous jar, only addint; foree every Instant, until at tin 
point of inosimuin violcnoo it scpnicd as f iimigh no IinmBiiJ 
haU'Uwork could williatand llie shocks. Tbo flooia liearnll 
under loot ; Hit- walls and partitions visibly swayed to a) 
fro." Al Baltiniurp, a cool-hmderl nbsiTver rpcords liow, on'l 
the nlgliL of iho eartli'iuakL', hi' Was sitting with one \irgM 
thrown uvct aiul nssUng upon the knvc of tlic other, wheal 
be uuiicHt hia sii8p«iiii(id foot swaying at right angles to thi»^ 
direction of his body, witli thi; lugularlty of a iicndnliiin 
At the aamn time ho heord " a fumomus bating of soniitfl 
object " in an adjoining room, ki-eping time with the oscil'l 
lationsof Ills fool. Snl«rilig thi« rMni, he ascrrtninrd Ihatl 
the nniao arow from the uKiUBtlons of his wnrdrolie, which] 
WHS backed against the north and miulh wall ol the lootu. 
Tl1l^ oui:i!]Htions hud l>«en codt and west, luid hud caused onii 
nt the doors of the waniivtiii ti< tap a^aanift the partition 
Imiwccn tho two eomiairtments. »o piwliioiiig the soiioroiial 
sounds iJlndnl la. He found by I'xiierliuunt that II rKquimtl 
a ni'ivoment of half an indi at lit feet from Iho floor la ru-M 
jiroduoit thisc »)und< with Ihe Iiitetmity obicrvi-d during tboM 
«arth-nioveiii«nt. 

Although It in gi^nendly trne, as nliove stjitfil, that tho in.3 
tensity nf the tremor dimlnishoii toward tht nuler llmttt offl 
the an« of dUturlJunee, it Is uf interest to notice tiuit m.9 
this, as in the case ot oliirr earthquakes, 1hi;n' were, within| 
Iheanmof illsturljnncit, many pUces where Ihv shock W(i« Hi 
(<^tt at all. It U ('imji.-ctured tlial »ucli ))ointa oiee tbatr tm^ 
muiiil; to geological fwiiUnrittes. 

(3.) The mniiul which accojiiimiitid Ihe tremor W 
ond pJrmcnl in the phonomcnon. Thift came from Iwlow. Itl 
TfBombled the rapid rolling of some heavy body over a fliinr,1 
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(■ twimiiiK nf rfirtnnt i-Anncin. Likt tliv trenuir, it wna 

. Ill' II '-lone msr nntl Ktlndlnir like 
II ii'Is on (I nx-ky iimU." 

r.f Uiii •'nrilKjuak'i wurr uininly onti- 
linl Siiinmitn-iri''. South CnMlioit 
■\.ii lriulriijit,'..f iinimriniipeintlioformtrjiIiK.-'Jiriia 
■ lesi ilatiiugcd— many wpru di-inolwlti-ii. (It tlju 
«. rwnrenly liny werp li-tt in a wliilitloii lo Iw iibpJ. 
in wnii^k nf (iiiviLtu Imuwiii wub lecrilile. A rawtiL risitj^r 
wrttA uiiiIdf dAlH Ol-IuU'v :i7 ; " The ncoountn hnvc not bwiii 
i"|iwl tn whiit 1 mv,: I tliltik every ImUiliiitt Is more or lew 
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wonrrud hI Ctiark'stoii rincc 
iiihIv Hisoslrtiiis one. 

■rcCT jTON niiixsTic A!»niAL8,— Anioiit- ihc nnu- 
y tnciilfiits uf ttie Cbwleslim unrlliiiiuiltt!, were llw 
pruiiuoed upon duinestit^ lUiimnU. Ttiv i-ii^ino licroca 
il ami ran III «ril<t HiTriglit, Hnortitig luid tieigliing. la 
tfPoir 'if hII Iht'Y iwawxl. In the L-ountrj- ihr hnrsea 
iielgheil Dtit llidr ■liEil.TV!^, utiil tlic i^itrs Lm>1Iow«<1 pii«ougly. 
AniiniiU UiW were slkbleil trliil tn lirwtk awaj, and ttiliiiii: 
to do »o, trenibl'ul unJ uhivensl in nn iigony of (ear. Those 
tliat werv hI UrgD fleil to llin woods kdiI sought to hide 
tliunisclras Ironi t.lie n>ynt>*rioiis <lHiigw Itj Uikkets uiiU 
vvainps. Half uu liour nftcr ilm (vightfuj shnnli, ft snvngo 
loiitinji^, but coniplfleiy scnreil mnatiff, npproachvtl a rv- 
[Kwler in lb« city, nnd liekpd hia tiitx.*, in mutu uppenl (or 

Caune of Ilm SarthquaJce.—hMtXa \» wicuratdr 
known as \a tho cbiisps of Garth<]uakeii. An iogonious niiivlo 
i^>[wr>re<n.¥cte»M. Outol>fr29, 13811, by M.C. Moigp. in which 
tlie nritcr euggcsLs that The phenomena of Iho Charlcsinn 
eorthriiiaka mny be nil «ix^ount«l for tui the supposition that 
Vftgt gt.rattt iindiTlyiug tlit^ area uF distiirbnncr Iuitu t>e«ri 
9Ubjix'l«<l tu huut. Th)a would ix'-cusioii eipAnaivii of thff 
p»rt lioatcil — Uieii Hn oiitirart! thninl— Lheti L'ouipnssion, 
bccAiiM Ihn oipnniliiig giortione would Fnuountnr rcslstBn(« 
ftixii outer lavjsMx [lut atTet'tuil by the ki-jit^tlieD relief from 
•■nmitv^'ioii liy UrL-uka)^. 

;i NTii. ItLPttTiwrroN.— Bo L'onsul«r8 ihnt » piiral- 
I II'? of OLfUirences raoy I* proiiiimil tiy holdiii); 
-hiw {prrfurnbly platej. nnsrly horiamlni. over 
I :iii nliwhol Inmp. The iiortiiiii lusitcil will ex. 
jmulI ; LijEiipreasion will result, onil in n-i lonjc tiiui' tUeglnai 
will hrealc with noiwnnil mownr less BlHxk. 'TIiiw/'anyB 
■riliir, '"KB hHi'ti u working model illn«t»ting nil the 
[ib^'DoiBena of Ihu Churlcsl^n utrthijuako," 
iii|[)^tion is i-'ertnitily deserving of cdiiaiilcmUuu. 

— Il is wcirlliy uf uotit'o, in ooU' 

'thi(Uake. llial there hiu< b«un 

inusnnl v.dc«nic acti^ily In other parU ct Ihs 

. ISM, K gnui.1 umption of MtXia, look pliwe, 

' iv lorriblo viaiuttori i«i>urn«d in New Zmhtnd, 

.". [lerluipB. till! must turrtfle of whieh wii have 

: I in now roportt<d that au r-ru[>lj(iu uuuumii) aa 

:iai. on ow of the Friendly group, hy whioli 

ji:i'.iii tijltvo villajtea hnvi- heeti iJesrtoye'l Ami iobdlJ- 

gence now nuohns h" tJiai, on the iniirnitig of Spptcmbor 

riitaiHiliiHliMiiHMiikiiliii^ 




cumd on Ihn ImIhiiiI of Niiiafoii. one of LhB Tongu £mui\ 
, Biiil tbal fmm the Iwttoin of iht; lak«, which is S,00(1 fiset 
I i1w)i, a luouulaiu has nrisrn lo the height of 300 fw't aboTo 

its ^urtaee. 

I Strttnife inlrrnat Jlitrptintt. — Nine mile* fmm 

I Cimraunm. on the Ui-nrtr nnd Hio tlrundc Ri.iliiwd, In 
Oiiloriido. t)ie npimtry bas lieeii vi^iieil liy iiu interiinl tirap- 
liijii. which luu •iiiplwe'l a Ir.u-i niHHit two niilw sqiiafc. 
The region wns iiiilurally liilly. wlih a heavy c»vet4iig of 
Irvrd, Where therv hail teen hllli:. eailey^ iviw upjHMUV 

I widle the valley* hnvw (lei-ii iiplitJiiinl Into hille. Trsc» 
ttmid in nil conceivablu pD»itinn«, »otac at thrin Mn^ rr- 
vi-rsoil. n-lth Ihi-ir nmis free from lilrl, the lem.- nnd 
biiinrliee betijg' tiurieit lu tho ileliria. The wnti'j' )ia> dla- 
Kp[)e«reiJ from u large lake, the bml of which is tilleil al an 
unglf of 45 degrera, llie whole section l» w much diaagvd 
a^ tr> nialte It unkiiitwn to those who were henstofoce 
acj^usiiiteil with 11. 

IftHtttirtioii 'of tVilU Atiimnlt.—The wild anu 

raals of Xorth Ainerioa, wl'.h the r.xruption n( a fniv rpei-iet 
. 'it Ljrds, nro rapidly lUiiDoishing in uiiintier«. nwin ; \a itielr 
dRsimelion hy hnniRu enemies. Where, lew thnu Iweuiy 
yeaw ap>. milLioiie of biwms were to be loiuii) on I hi' west- 
em " plains," thi're are now but anioll liande. rvmoliily Mat* 
tafBd, of n few dozen euch. Tl is obvioati. therefore, llial in 
no loriji time. certAtn of our nniinal MKmn will l>ei<ouie tx- 
tiitct. 

J>eep-Sea i'wMwu.— The BJpediUoii of the Challmger 
in the years ISTS-TO, puluslB punsessiou nf mutitiintKirtKiil 
informBliou regarding ihe animal furma which exlfi In do«p- 
sea watei's. It wm oonelualvely eaUbllfibiad — 

(1.) That the distribution of living beings lias no dejiih 
limit, but that anlmola of all tlie marine inverlehrata 
elapses, and, probably. Bshes iilao. esist over the whole of tile 
floor of the ocean. 

(2,j It apprftrhl that, the enorDioua prtMiSure, III" eom- 
parativo 5cani.ini'}K of light, and the dillurencfB lu Uui 
cheij\ieal and physieul c-indltionB ul the water ilu not. in* 
Hueucu nntinal life to any gi«ut extent, for among tlia 
animals eaptured tn the d(-e[><!i»C houle were siwoies iitarly 
allied to thoee found iu ebnllow watrr. 

(3.) The iutercsting fact was [irGsent4<d that depths 
bcyonil 50Q fathoms am inhaMt«d throughout tbe world tiy 
a fauna which exhibite the Mme guoHMl ftaluTM, In otlier 
worda. deop-Bea gennm have iifiially a cosmopolitmi taAvm- 
uaa, and speciiiH ar« cither nnlveraally iliBtrihuleil, or If. In 
rt-motc loeailtli^. theyditTer.lheceLeBtilliiduBurweuibliiuen 
auioug tliem. 

(4.) Samtj. though out many, types were fMimd nilelinf 
at abys^l depths which were previously euniiid6reil t-> Im 
extinct. < 

16.) Iu its general nhamcter. the dsop «ea fiuina remmblm 
meet the CnniM of tlie BlutUuwer watcm of lil|th tiorthem 
aiid MDthum hitltudia ; no doubt bniauss the i^odiLiou* of 
teuiptintture, on which nwinly the dlslribHlloii »( nnimri 
life depends, «r» ne»rly sinillii Iq estierae deptlw and ex- 
trfinie litltudeB. 

The aUivi' and uthur eonelusiooa. baaeil npon the rviultx 
of the Ohallrnjin- expedition, hav<i lii'on, and urv lH*lii)t, 
fit.her i«ullrnjed or luuditled by the researehes curried on 
liy the Lfalluil States Ociremment. 

MeriiOM OP Wobk.— The nit'tliods adopted now nrt 
nsturally more ByBtemalie. mpid. and eHective than tfauM 



WJLlbatrvm hui lutu s|)iwUlly i-oiistni^t-d TtT the »'iri( of 

^miging. luul sliu is uumtied by a very iiXpert tnily ol iiavHl 

ikcicnlisis. BruiT Kuronivr, at Icnst, s)iuTirtiin'!iiii 

l)!pt!p wBub waturv, aiiiI brlii(« l«(:k tlwrisults to the hcjid- 

Cnuaners tif Uie L'nilwl Stales Pish L'ouimisNion, ul Wood's 

~ ' ■ Hill ChaUmgtr exf ■edition, nnly one ilK-p-iu-u 

|jlrwlt{iii£ wiiili) Iw owdp lu a Any, ami vi-.ry little nt tint 

l.baUfim WM jnmitwl at timt, Ou (be .i^ftii/ctwt Iwc to fi-iir 

ftdrMUrtufi" p»'' >1<>7 i"^ laa&ti in irnlvr nrer 1.000 Inthoins 

wi}i. luiil Oto ill Anl«r Ih-Iwc^Ii ■'UW aiiiJ 8uO fiitjinnu. 

> It has Ifevii L<utiolu£ivelv oliuwn hy lliese lat«r r«AMttf:lim 

■tfiAt tha jutipiiiijati uf uoIiiinJ lito iti ocean tlqjtJis U fur 

wter thitn was iudicatcd liy tiio ChnUimger'* results ; nn-1, 

nirlhvrmitrv. Ihnt Instuail nf ilio abyssal [onuH bf-in^ fmy- 

Mf/maMyfXj snwll, ninuy of llii'm lire vvvn larger tlisn llie 

limalltgnQii fonnii('Xi<^tin|r in shu]loffrr waters. AutongllKr 

(plilDurirrmti Ujiiiie-ci'ivuitii) Aiilmiils, iif wtiioti our i.'omniiin 

«-archiii is a tj'pi;). tttkeu in diiptbs o( 1,34S to I.T8:> 

Bfhthom?, two iiptaiati ntc gigaiiUt.'. ima spooimpii lieuig 

iBigMmi liichM lony 

Henl'LT*.— Hcporliiig Ihi- nisulU ot the work done in lt'6'1. 

iProfresor Vcrrill Ayi : " Mnny uldillniis to tlio faiinu iif 

Mtt i3opt.h« niTo mailo, ami a iHrgi- i-Mimrtirrii .if tlieui 

[■m uiuliwurUHMl fi)riiii% Some ot lliu ll!ih<>s wi<ro o[ great 

ntige $:]itiili flpiilcr-cmlM, th» outstrotfbcd l»pt of 

^lildi tneftfluiwl nmr three feet Imm tiji to tip. weiv taVi-n iu 

Bjl/mO to l.SJJU fathoms, and auolher viTy largu urab wM-'iirrud 

'ngnat al>uitdniK« iiiTiOOta 1,000 fnthoms, Xunu'raus spe- 

~ s of efirimp, many of thcin bright-colored, and soma of 

tyvry largo sitt, occurred, aa usual iu thy (lee[inr dredging:^" 

''A titriklug (' liarncteriBtic of llit> ilu^p-sua uriiBtBCttu," 

tajwProfpsBor Vcrrill, '■ is thoir rod ur if ddish color. Afew 

esare apparciiily miarlj- mlorless, but the great majority 

Pif HilDQahod^ of rod or orange ; uiil I hari^awnnoeTidt-uco 

If uuy oLbcr brl^hl ui'i'>r A few Bjiwiies from between 100 

;f 500 biUiantii Hr@ L-ouspii'uously niarkod witli scarlet or 

ktrtoiliiin. but sui.'li bright uiarltiiigs am not noticol inaiiy 

|^iocIi:h from Mow LO** (al.lionis." 

ferhii|i§ IDuri' n>iiiiirk»bto tliaii the mutler of coloring is 

nrbot wii lewii nbonl thn njna of deep-sou forms of lifp. Of 

n Epcvics taken bnlow 'i,W> (athomH by tiie Alhitlrinn 

•ry one hail oye*, and tlww were distinctly I««'t«!. " In 

Ht Icaat tbruo of thoMi 4[>eoi«i lh«oyL'B uri^ not i^uiiapiuuousty 

(dncn^nt it] Sim from those ot allied shallosr-wutBr afiwii's." 

n;r strung, therrlorc, may hn the arguiuents ot 

Afsicisttt ngniiisl the [HiMibtlitj of light iH-iietrating the 

Dpths from wliiuh tliusn animals eome. Ilii- color and elnit^t^ 

ftllrB of liitiir eyes, as compumi with blind, cavc'dwclling 

FlptcJes, show conolusivi'ly that tlie tlarkiicw beneath 2,000 

^Athonia uf sea-waUir is vtry diflcrent Iroin that of iirdinnry 

Jlerf SitnaetH antf Sunrints. — In the uiituuinH of 
I IS88 uid 18A1. the sky at Biinsut, aiid in a mraeuro also at 
as illuminiited with a pnciiliar rosy light, which 
^iffuiwd itwilf far qp toward the zenith. Thu |>heaoiu<'non 
•DDiti to lutvo IxBUi observed ail over tlio world. 
Various cauei^s wvrn itssigusil to iiccount for it. Many 
nen cunaiderwl t.liat it wsa iliie to tin' |in>wiiOT in 
biif atmosiihure of iuinut« voloaiiic dii»t eiiiiiird iluriji^' t.lie 
iktintiNl nniption nf ttie toIciuid of Kmknioa, which on- 
d during th«iirovateno* of the red «iin»i& This ex- 
MloB, Jiowaver, muit bo abuidon«<d, for Uie pheaomenoii 



muUi ita npfHWRmue, urrUlaly tn uiib kj^Ioa oI Ibu ttOtlita I 
luDg before lh« vfiiptjnn. 

InthB '-I'roi'eudini.'sor tbeM.io .>i<iritU-l 

osopbiwil Souieiy: VoL XXIII 
fiiuiiii a lettjr iUIihI Tatnnaki, ' 
writ.pr eajs that " for lUMiy wii i. i !■ 

lurid glow wiui tiiUBt (trikingiy [n.rLP-[iiihlL' m N'lu- Z,ii 

In mninionting on this Irttor. in his report for 1885, I>r. 
I>rji|ier. of ilioN-Y. Ulctwirolojiii'al Ob«ervni«ry, -ays; '•" 
laleat ojiinion i<xproewd by scientiatis in thut tliu ml » 
rises and eitnseta wem dun tn tlio oartli [lasBlng tlirrmfiti 1 
iiiotciiiV dust in space." Ajid in exp1aiiali'>n ot the pbe- i 
iioiu*nuu bel^ ubserreil flnit irt Xuw Zeulaiid. he Mfsi 
" May we nut tionc«ivo tlmt thu uarlti in II483 was ponsll^ J 
tbmiigh a metmric cloud. Kiid tliatthBt)»iill>i.'Tii hviuU|di»fe I 
was Itic llrM to enlertliul. cloud '!" 

Trmprraturn of Jtetip^ea IF'aff-m.— OliMrraliona i 
modcDn tlie .Ifio^ruM, daring 1^184, indiinlril Ihat tlie j 
iL-mpomtUR at dcptlis of 2,000 lo 3,000 fatliums was about j 
37 Palir. This tmupt-ralure. however, was nl* found »t J 
IheeomiiarBlivcty shallow doptJi At ],tjiroiatbo[<i8 IlcnMb j 
would wem tliat, at lou^t In tlie t«gion uf Ihi.' uliBwralkai' I 
alludod to, th" niinitnum lcui|wraluru is nwlicd ut l,OW^-j 
(alhoiUE. llu- jurfacu (cmpctaturiMakenat the su 
was about 73" I'"nlir. 

U ia riUii'rowioglolliochnngeof tempuratant cxporicncOil , J 
lu coming from great daptlu to llin mttmr., or cIm totb» J 
ronioval ot the pressuni to whinh tJii'y haw beon previously T 
tnitijccted, that nearly alt the d««p«tt ananub on- dead I 
when Ijroiight \i[i in ihe tniwl. Some have enough vilallty I 
to luuko a tew feeble motions, biil. "in all t:a»e» tltey ap- 1 
pdiri'd." says Sir W.Thomson, "to have reeeivrd IbarJ 
deiith-Btrokt bcfomthey had amm out of ll«iwut( 
exception 10 tills gvo«ral nile was Ihn ease of some roral ] 
po1yt>s brought from a dupt.lj of l,qpO fathom*. Tbivn 
alive and iixpondod when placed in soa-wati7. 

Power of an (teea» ir«re. — In a paper by Uio | 

Rev. Philip Nnde, lutu Britlsli ehaplajn at BaUivia. in 1 
Leiaare How, speaking of iho great iunndation from till* ] 
sea caused by thu Krakatoa earthqnnkp, Java, he says: 
"One ot Iho roost remarkable iudlM ooncvmiuglhc biunda* 
tion tf mains to Iw lold. As, we walked or Hrnunblwl j 
along, wo were mach surprised to find great masses of wliit« j 
coral lying at the t^ide of our path in uvery direction. Soius 1 
of thme wen of immense siio, and had \-^:t\ east up tnord I 
than two ot three miles from the »ea.ahore. It was evident, 1 
as l.hey wrre of coral formation, that thi'se imraenso blocks 
of Kolld rotk had beon lorn up fniiu their ocean bed !n tba I 
midst of the Sunda Straiif, borne inland by (he gigantie j 
wave, and Anally left ou tliu lauil several niilee [roni Ills 
shoro. Any one who had not swn the sight would scaH>eI)f ] 
credit the story.* The feat eeotng almost an impoesible one. [ 
How these great masses coulil have been carried so far into \ 
the interior is a mystery, and lieara out what I have saiij ii 
previous papers as to tlie height of this terrible wave. Many I 
of thejw rocks were from twenty to llijrty Ions iu weight, 
and some of the largmiluiust have been vety nearly double, 
LloriVs agent, who was with me, agreml iu tlijnkiiig that 
we could not be mistaken if we put down the largtal block 
of coral rock that we passed aa weighing not iesa than fltty 
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5. What is the Earth ?— The firat queation 
which requires to be answered in discusaing the 
Physical Geography of the earth is, what is the 
earth F 

Ancient Theobt. — Many centnriea of human 
history passed before finy one waa able to answer 
this question correctly. Men saw the sun in "the 
same part of the heavens morning after morning, 
and when liis light faded, they observed that the 
stars were apparently just where they liad been 
the night before. It was concluded that the sun 



and stars all moved round Lhe earth once in twen- 
ty-four hours. 

Thus the early answer to our question was that 
the earth was the centre of the Universe. 

Careful observation seemed to confirm this idea. 
Astronomers watched the heavens. Thoy mapped 
down the stars, and recorded from night to night 
the places of the brightest among them. They ob- 
served that some of them did not change their 
position with reference to their companions, while 
others very perceptibly varied theirs. The former 
were called fixed stars. The latter received the 
natBe planeie, or wanderers, from a Greek word 



meaning to wander. What did their wandering" 
mean ? It was found that after certain perioda 
each of the planetB returned to its old place in the 
heavens. This was deemed conclusive proof that 
the planets, togetlier with the sun and moon, re- 
volved in circles round the earth. This explana- 
tion was satisfactory to the majority of mankindj 
but not to thoughtful astronomers. 

Theory of Copernicus-^Iu 1542, Copernicus, J 
a Prussian aatronomer, startled the world by an- I 
nonncing that the ancient theory was a mistake ; 
that the sun, not the earth, 1 
ia the centre of the Universe; 
that the planets, instead of I 
circling round the earth, re- 
volve round the sun; and I 
that the earth itself is only a I 
planet. 

Thus the true answer to \ 
our question, learnt only 
about three hundred years 
ago, is that the earth is not 1 
utterly unlike the heavenly I 
bodies, as it seems to us to i 
be ; but that it is actuallyj 
one of them, and that, if w^ 
were placed upon one of ttu 
other planets, the earth woul^^ 
appear as a shining star-likel 
point in the sky. 

2. The Solar Syntetn, | 

— The Sun and its attendant planets with their I 
satellites, together with the planetoids and comets, J 
constitute what is known as the Solar System, i 
called from the Latin sol, the sun. 

A "syaUin'' consists of one eentrsl body, togetlier witilj 
other smaller ones which iDove round it. 

The Sdn. — The sun is the centre of tlie Solar 1 
System. From it all the planets derive botlij 
heat and light. 

The sun is a vast sphere or bull, more than | 
million times as large as the earth. If we c 
place its centre where the centre of the earth u| 
then the sun would reach so far into space that 1| 
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U the earth be represented bj a globeone toot in dUmetcr, 
the sun must be represent«d by a sphere 35 y&nla in diame- 
ter, and be 2i miles from the globe, 90 sa lo show in proper 
proportion the real size of the two bodies and the dbtsnce 
between them. Jupiter, the largest planet, would be repre- 
sent^ bj a globe 3i jards in diameter at tlie distance of II 
miles. TherelativeaizeBof the disks of the sun and plunets 
arc approsimately represented below. 
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II. PLANETARY MOVKMENTS. 



3. Actual Sfze of t/tf Earffi.—The cqaa^ 

toriul diiimcter of the earth la 7,925.05 miles ; the 
jwlar, 7,899.17. The diflereiice is about 26* miles. 
The region about each pole, therefore, must bo com- 
pressed 13i miles. The circumference of the earth 
at the equator is 24,809 miles. Its volume, or 
solid contents, is abont 260,000,000,000 cubic 
miles. 

The specific gruvity of the eaith is abont SA, 
that is, the earth is five and a half times as hcuvi' 
as a globe of water of equal dimeiisioDB would be. 

d. Comparattve Itislgniftcance of the 
Earth. — If now we bear in mind that all ihf 
fixed stars are the suns of other ai/sfemi resem- 
blmg our own, and in many cases vastly larger ♦ 
than our own, and reflect that the heavens above 
and below us arc filled with untold numbers of 
auch systems, we shall appreciate the comparative 
insignificance of our earth. 

TJt9 earth is only oneof the smallest members of 
oneofthe numberless eystems which fill the immen- 
xily of space. 




1. Effects of the Earth's Motions. 

— The nature of man requires for its highest 
development that be shall have certain altenuitions 
in the degrees of light and heat to which he is 
subjected. The planetary motions of the I^u-th 
produce just the changes which he needs. They 
are those of day and night, and summer and wIq- 
ter. Let us see how these are brought about. 

a. Jtotation. — All of the plunets rotate onJ 
their axes from west to east.* This motion caau 
alternations of sunshine and darkness. 

The nearer a planet is to the sun, the less rapidlfl 
it rotates. Mercury, Venus, and the Earth rotati 
in about twenty-four hours. The more distanti 
planets, so far as their rates have been ascertained*^! 
require only about nine or ten hours for their rota*f 
tion. Their day is less than half of ours. 

It is easy to see that its brevity would be Tcry j 
iuoonvenient to beings like ourselves. 

3. Revolution. — The planets, while n>tA- 1 

ting, also revolve round the sun. 

The direction of this planetary revolution is, like 
that of rotation, from west to east, and, with the 
exception of the satellites of Uranus, and possibly 
those of Neptune, all the seeondarj- planets revohra 
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in the same direction. The timB required for a 
single revolution ia called a year. 

The nearer a planet is to the sun, the more 

rapidly it revolyes, and the ehorter ia its year. 
The year of Mercury, the nearest planet, is only 
eighty-eight days long : Jupiter's year conaiats of 
about eleven of ours : Neptune's of more than lliO. . 
The earth completes its revolution in 365^ days. 

4. Incltnntton of Planetary Axes.— 

The axes of the planete are inclined to the planes 
of their orbits. The angle or amount of inclina- 
tion is not the same for all the planets. Each haa 
its own. But it is important to observe that the 
angle of inclination of each planet undergoes no 
change. It is said to be " constant." And again 
the axis of each planet preserves invariably the 
same direction at every point of the 
orbit ; in ether words, at any two 
points of the orbit the axis is par- 
allel to itself. 

The facts that the planetary axes 
are inclined at constant angles, and 
preserve unchanging directions, 
bring about, in combination with 
the revolution of the planets, two 
results : (!) changes of seasons; 
(2) variations in the duration of 
day and night. 

Skaboms.— An inspection of the 
cut opposite will show that as each 
planet passes round the sun, the 
upper portion of its surface will 
be directed toward the sun at one 
part of its orbit, the lower at the 
opposite part. In other words, the 
northern hemisphere of each planet 
will receive the more direct rat's of 
the sun at one time, the southern 
at another. A hot season, or sum- 
mer, will therefore alteruate with a cold seaeoti or 
winter. 

77(fl Earth's Axis is inclined to the plane of its 
orbit at the constant angle of about 23^°. This 
inclination, combined with the earth's orbital mo- 
tion, makes ottj' seasons. 

The sun appears every yenr to move through the heavens 
northward as far as the Tropic of Cancer, and aoutbward as 
tar as the Tropic of Capricorn, In the coarse of this joui^ 
ney he is directly over our tquiitor, or, to use the sailor's 
phrase, "crosses the line," on or about the 2lBt of Mareh. 
Just as soon as he passes northward of the equator, Us light 
lenvw the south pole, and eitcnils to and beyond the north. 
The winter of tbe south polar regions now begins, and that 
of the north polar regions ends. Slill travelling north- 
n carries the hot season with him, and summer 
His Ihtonghout the northern bemispbore. 

a of all this occurs whflo tbe sun journeys 



Vabyino Length op Day and Night. — A 
I second effect of this inclination of the axes of the 
I planets to their orbits is that their periods of light 
I and darkness, or day and night, vary in leftgth 
I according to the apparent position of tbe sun at 
< the different seasons. 

In the case of the earth, twice every year, in March and 

in September, "hen the sun crosses the equator, the equinox 
I occurs; that is, daylight and darliness are of equal dura. 

tion all over the globe. EUwh is twelve hours long, Tbis 
' is because the light ol the sun, when he is on the equator, 
I extends from pole to pole, and one half of every parallel is in 

sunlight and the other half in shade. But, as tbe sun moves 
I northward, the duration of daylight is greater and greater 

for all places north of tbe equator, until about the 21st of 
J June, when tbe summer solstice occurs. Then tbe north 
' polo of the earth is turned towtird the sun and the northern 
I bemifphere has its longest day. 




solstice being past, the sun begins to recede 
toward tbe south. Our days then become shorter and 
shorter, until, toward the end of Dcceml>er. we have our 
shortest day. The Eunshine then lasts for us only bbout nine 
houiB. The winter solstiee being past, the days agwn be- 
gin to lengthen. [For the effect of this upon tbe climate 
of northern latitudes see paragraph 2 on page 70.] 

5. Adaptation of the Earth for Utt' 

man Haftif «(/««. —Comparing the earth with 
the other planets, we observe two points which 
render it specially adapted for human habitation: 
(1) its position with reference to the sun; (2) 
the moderate inclination of its axis. 

Owing to its distance from the sun, and the 
consequent moderate intensity of its heat and cold, 
as well as the medium length of its year, the earth 
occupies a most favored situation in the Solar Sys- 
tem, We are not bo near to the sun aa to be. 
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like Mercturj, exposed to destmctive heat ; nor are 
we 80 remote as to enconnter unendurable cold. 
The nearer planets must be too hot ; the more dis- 
tant quite too cold for human habitation. 

Again ; the length of our year and the dura- 
tion of its seasons are admirably suited to human 
needs. Supposing Mercury^ Jupiter and Neptune 
to have four seasons as we have, it is obyious that 
they would be entirely unsuited to be the resi- 
dence of beings like ourselves. The seasons of 
Mercury would be about three of our weeks in 
length ; those of Jupiter, three of our years ; while 
on the planet Neptune a single season would be 
forty earthly years ia duration. 

Owing, moreover, to the moderate inclination of its axis, 
the earth has polar regions of restricted extent. The vast 
proportion of its surface is habitable for man. 

It is obvious [ see cut, p. 9 ] that what we call the polar 
regions of each planet are of greater or less extent in pro- 
portion to the amoimt of inclination of the planetary axis. 

The inclination of the axis of Venus is believed to be 75°. 
Consequently its polar regions will extend 75*" from either 
pole. Nearly the whole surface of the planet, therefore, 
most have only two seasons ; one of intense heat, the other 
of equally intense cold. 

TOPICAL ANALYSIS. 
n. PLANETARY MOVEMENTS. 

1. £fEiBCts of the Earth's Motions. 

Influence npou the needs of man. 

2. Eotation of Planets. 

Direction. Relation of velocity of rotation to dis- 
tance from snn. 

8. Bevolntion. 

Direction of the motion. Relation of velocity of 
revolution to distance from sun. Illustrations. 

4. Inclination of Planetary Axes. 

Unchanging amount and direction of the inclina- 
tion. Results in chan<;e of seasons. In varying 
length of day and night. Equinoxes and sol- 
fticcs. 

6. Adaptation of the Earth for human habitation. 

Two causes of thla adaptation. Seasons of the 
other planets. 

Tb8T QuBSTioif!*.— If the inclination of the earth's axis were Increased, 
how would that affect our seasons ? How, if the inclination were dimin- 
iflhod f Where are the sun's rays vertical when we have our longest 
day? Where are they vertical when the days and nights are equal 7 



ni. MAGNETISM OF THE EAETH. 

i. ITow demonstrated.^ Among the prop- 
erties which belong to the earth as a whole, is 
its Magnetism. An understanding of this subject 
is best reached by noticing the phenomena of those 
bodies which we call Magnets^ and then comparing 
with these phenomena, certain ones which are ex- 



hibited by the earth. The result will demonstrate 
that the earth is a magnet. 

2* Magnets* — Magnets are either natural or 
artificial. The properties exhibited by both are 
identical. 

Natural Magnets are pieces of a kind of 
iron ore commonly called the loadstone. This 
ore was first found near a city of Asia Minor called 
Magnesia ; and henoe the magnet receiyed its name. 

Artipicial Magnets are readily made by rub- 
bing a piece of tempered steel upon a natural 
magnet, or upon a bar of steel already magnetized, 
or by the employment of currents of electricity. 
According to their shape and size artificial magnets 
are called bar viagnets, horseshoe magnets, or mag- 
netic needles. The last are such as are employed 
in compasses. 

3. The Properties of the Magnet are 

among the most extraordinary of material phenom- 
ena. They are closely akin to those of electricity. 

Magnets attract pieces of iron and steel. They 
also attract other magnets. This action will occur, 
even though the magnet and the body attracted 
are at a considerable distance from each other, or 
even if some substance, like glass, intervene be- 
tween the two. 

Magnets have poles. — If a magnet be sus- 
pended so as to be free to move, one end of it points 
invariably to the north, the other to the south. 
The two ends are, therefore, called the north pole 
and south pole of the magnet. 

If now we bring two magnets near one another, 
a very singular effect is produced. The north pole 
of the one is attracted towaW the south pole of the 
other ; the south pole of the one is drawn toward 
the north pole of the other. But if the north pole 
of the one be presented to the north pole of the 
other, they repel one another. The north pole of 
the one that is free to move swings away. In like 
manner, if the two south poles be placed near one 
another, they mutually repeL 

Thus we see : (1) that the magnetic forces at the 
opposite poles are opposite in certain respects ; and 
(2) that like poles repel, unlike attract. 

Neutral Line. — About half-way between the 
north and south poles there is a neutral line, ex- 
tending across the magnet. Along this line the 
opposite magnetic forces neutralize each other. 

If a piece of iron, or a magnetic needle, be sospended ex- 
actly over this line, it will not be attracted at all. On either 
side of it, however, a suspended needle is drawn toward one 
or the other of the poles. The exctet position of the neutral 
line depends on the relative strength of the poles. As these 
are seldom if ever of equal strength, the neutral line will 
rarely or never be equidistant from both. 
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4. The Earth a Magnet. — lu some very 
importunt respects the earth behares like & magnet. 

Attractive Power. — In the firet place it Hie- 
plays attractive power precisely similar to that of 
the maguet. It is terrestrial magnetism which 
eanses magnets to point northward when anspended. 

Magnetic Poles. ^Secondly, like the magnet 
the earth has magnetic poles. These ure not ex- 
actly at the north and south goograpliical poles, 
but at some distance from them. They are the 
points at which the needle stands vertical. The 
north magnetic pole is in North America. It is 
situated in Boothia, latitude 70° north, longitnde 
97° west. The discovery Of this pole was made 
by Sir James Rosa in 1830, 

The position of the south magnetic pole baa not been so 
BccuraUl; dotermined. Sir James Ross rcoclioil a point in 
the Antarctio Ooean where the inclination was 88'' 87', from 
which its BJtuKtion hus Iteen computMl. It iii not. however, 
diametrically opposite the north magnetic pole, but tax to 
one side. It lies in the vicinity ot kt. 75° S.. long. 134" E. 
The position al both these polcH is constuntly changing. 

Nettral Line. — Thirdly, the earth, like a mag- 
net, has a neutral line. This line encircles the 
globe about midway between the north and south 
magnetic poles. Along it the opposite polar forces 
counteract each other. It is called the magnetic 
equator. Its course is traced upon the chart. 

*?. Inclination or Dip of thf- Needi.e. — 

As yon go northward from the magnetic equator, 
tlie north end of the needle is drawn downward 
from a horizontal position until you reach the mag- 
netic pole, and there the needle, as already said, 
points vertically. As yoit go southward from the 
magnetic equator, the south pole, in like manner, 
is drawn down, until at the south magnetic pole 
the needle would again become vertical. 

The amount of deviation from the horizontal 
position is called the Inclination or Dip of the 
needle. Only upon the magnetic equator or neu- 
tral line is there no dip. 

6'. Declination of the Needle. — While 
magnets free to move assume a north and south 
direction, they do not point exactly to the tme 
geographical north, bat a little to the west or the 
east of it. The deviation from the true northerly 
position is called the declination of the needle. 

Declination differs in different places, both in 
direction and amount. 

The diructian in some places is east, in others west. It 
will be Been from the map that ov«r aliout one halt of the 
globe it is easterly, over the other half, wi-storiy. The 
amount of declination is greater in soma places than others. 
In Liverpool, Edinburgh and Qlosgow. It is atiout two de- 
ls greater Uua at London. 



Variations, — The intensity and position of the 
forces which cause the needle to deviate from the 

true north and south direction are constantly 
changing. Hence there arise, (1) secular varia- 
tions ; {i) diurnal variations. 

Seealar Variations extend over long periods. The decli- 
nation AtLotidan wnseast in 1580, and amounted to It ' 36'; 
in 1688 it was Mro : in 1818 it attained its maiimum. 24' 
41', and waa west. In 1877 it had decreased to IB 3 west. 
It is therefore decninsing at th^ rate of about -5 annually; 
so that in 200 years it will proliably be east again. 

Id diurnal luirtii/iona the needle moves from east lo wtat, 
from 8 A.M. til] noon, and back again In the afternoon. In 
Washington City the variation is about 14'. 

Line of no Variation.* — Just as there is a 
magnetic equator along which there is no dip or 
horizontal deviation, so there are lines on which 
there ia no declination. Such lines are commonly 
known as " lines of no variation." f 

There are two such lines, one in the eastern' 
hemisphere, and one in the western. Their posi- 
tion is constantly changing. In the time of Co- 
lumbus the western line waa about 20° west of the 
Azores. It now passes through the West Indies. 

7. Magnetic Storms. — Unusual and violent 
flnctuations of the needle indicate the prevalence 
of magnetic storms. Such storms take place dur- 
ing displays of lightning, but more particularly 
during the occurrence of the Aurora Borealia. One 
of the most violent on record occurred November 
17th, 1882. It prevailed throughout the United 
States, and oven extended to Europe. Chicago 
seems to have been the focus of the disturbance. 
Hero " operating keys " were in some cases melted. 
Telegraphic commnnication was jiractically sus- 
pended throughout the country, and even the 
ocean telegraphs were disabled for many honrs. 

S, Suu-Spota and Terrestrial Mag- 
netism, — It ia believed that there is a relation 
between the spots observed upon the sun and the 
magnetism of the earth. 

The snn-spots are periodical, both as to numlier and fre- 
quency. They attain their maxima and minima in from 
ten to twelve years. The magnetism of the earth seems lo 
follow Ihe same law of variation. Auroras and magnetio 
diaturlannes appear lo be raoBt frequent when the sun- 
spots are most numerous. Hence it is argued lliat some in- 
tiraal*! relation probably exists between Ihuse phenomena. 



• The inlerest >tt«chlng to Ihb Hno la gre«l. 8p«ln «nd Ponugjl 
qmuwled abont the pob««»b1od or the l«nd» diBOOTOred by Ihelr miL 
galon In tho ISditwiinry. Thp pope dirreltd ttul Ihe "lincol nnvirto- 
tlon"ahaalillKi[hebonDdarybetwDsntbGiB, Allljuididi9co>n«dl0 Uu 
cvitwird of Ihla Hno were lo twloug lo portngal, all lo Ibe WKtward to 
Spain. Siain *«b determined lo poBKH herself ot Miine of Die But 
Ind1« Spfcc f«l«uda, bot (he roald d»iin them mly bj nuking II appnr 
[lial tliey were lo the wettwiid at Out 30tb meridian. Hence Higellu 
propoaed, In lliv Inlenal of the KIbb of Spain, lo reach the Uolnccu by 
ulUng weatwaid. Hla »oyBgo fwnlted In tbo tlrcnnuavlgatioo of (he 



INTERNAL HEAT OF THE EARTH. 



13 



Note upon the map.— The buff color indicates easterly dec- 
lination, the blue westerly. The lines which diverge from 
the magnetic poles have numbers affixed to them which show 
the amount of declination. A curious oval is obseryed upon 
the buff space. It embraces part of China and the Japanese 
Islands. Within its limits the declination is abnormal. It 
is westerly. From this it is inferred that there probably 
exists another, though subordinate, north magnetic pole in 
Northern Asia. 



9. Causes of Terrestrial Magnetism. 

— If a current of electricity is made to pass round a 
piece of soft iron, the latter acquires magnetic prop- 
erties, and retains them so long as the current 
lasts. If yast currents of electricity passed round 
and round the earth, they would convert it into a 
gigantic magnet. This, it is belieyed, actually 
occurs. 

The sun's rays, resting successiyely on different 
portions of the earth's surface as it rotates, pro- 
duce thermo-electric currents ; i.e. electric currents 
produced by heat. These follow the apparent 
course of the sunlight from east to west round the 
globe, and conyert the earth into a magnet. 

The aboye-noted relation between magnetism 
and sun-spots seems to corroborate this theory. 

10. Uses of Terrestrial Magnetism. — 

It might seem that the magnetism of the earth is 
only a curious and interesting fact. But its bear- 
ing upon the welfare of the human family is mar- 
vellous. To it we owe the compass, and to the 
compass the possibility of modem navigation. 
Without his magnetic needle ever pointing north- 
ward, how could the mariner find a pathway 
over the trackless waters, and steer unerringly for 
** the haven where he would be ? " 

TOPICAL ANALYSIS. 
III. MAOKBTISM OF THE EABTH. 

1. How demonstrated. 

2. Kagnets. 

Natural. Origin of name. Artificial. Modes of 
making. Kinds. 

3. Propertiai of the Magnet. 

Attraction. Magnetic Poles. Law of magnetic at- 
traction. Neutral line. 

4. The Earth a Magnet 

Attractive power. Magnetic Poles. Neutral line. 

6, IneUnation or Dip of the Needle. 

Effect upon the needle of approaching the magnetic 
pole. 

8. DeoUnation of the Needle. 

Definition. Variations In declination. Secular. 
Diurnal. Line of no Tarlmtion. 



7. Magnetie Btonni. 

Indications. Times of occnrrmce. 

8. Snn-epoti and Terreetrial Magnetiim. 

Snpposed relation between. 

9. Canee of Terrestrial Magnetiim. 

Infiuence of electric currents. 

10. Uies of Terrestrial Magnetism. 



NoTS.— In connection with this subject the teacher might advert to 
the disturbing effects of iron vessels upon compasses ; the loss of 
vessels from this cause, and the means adopted to counteract the attrac- 
tion of the iron used in the construction of vessels. 



IV. INTERNAL HEAT OF THE EAETH. 

i. Evidences of Internal Heat. — While 
the crust of the earth is generally of a moderate 
temperature^ there are various reasons for helieving 
that its interior is in a state of intense heat Three 
sources of proof may he mentioned : (1) mines ; 
(2) hot springs^ geysers^ and artesian wells ; (3) 
volcanoes. 

Mines. — As we descend through mines into the 
interior of the earthy we find the temperature to 
increase at the rate of ahout V Fahrenheit 
for every 60 feet of perpendicular descent. In very 
deep mines it is impossible for miners to exist with- 
out a constant current of fresh air to reduce the 
temperature. A limit is soon reached, beyond 
which, owing to the increase of heat, mining is 
impracticable. 

The greatest depths at which miners have found 
it possible to work are about 2,500 feet below the 
surface. 

In the Consolidated Virginia and California Mine in Vir- 
ginia City, which has a depth of 2,000 feet, the temperature 
is 115° Fahrenheit. The miners are divided into gangs, 
each gang working twenty minutes and resting forty. They 
drink ice water freely, and apply ice to their wrists to cool 
the circulation. 

At Monderf, in Luxemburg, a mine has been sunk to the 
depth of 2,920 feet, and one at New Salzwerk, in Prussia, 
is 2,280 feet deep. 

Artesian Wells bear testimony to the same 
rapid increase of heat. These have been sunk in 
various parts of Europe and America to a depth 
varying from 1,000 to 4,000 feet. 

The rate of increase in the temperature varies 
in different places. The average is 1° Fahr. for 
50 to 70 feet. The temperature of the well at 
Grenelle, near Paris, is 81.7° Fahrenheit. Its 
depth is 1,798 feet. That at Buda-Pesth is 3,160 
feet deep. Its temperature is 178° Fahrenheit. 
It supplies a large part of the city with warm 
water. 

Experience shows that by boring artesian wells, 
jets of warm water may be obtained in almost every 
region of the earth. 



Hot Spbikqs are found in conntlera aumbera in 
various parl« of the world. They are most abun- 
dant in volcanic regions; but they are not con- 
fined to the vicinity of volcanoes. TJiose of Bath, 
in England, are more than 1,000 milea from either 
Etna or VcBuvius. More than 1,500 exist in 
Europe. The cut below shows those of St. Michael, 
one of the Azomv. 




The temperature of theeo springB seems to indi- 
cate that everywhere, not far below the surface of 
the ground, some aonrce of high heiit exists. The 
Arkansas hot springs vary from 110° to 150" Fah- 
renheit. One of those in Iceland is 49° above the 
boiling point 

GEYHSK3 are intermittent hot springs. The 
temperature of their waters rapidly rises with 
every few feet of descent. The surface water of 
the Great Geyser of Iceland Btinsen found to have 
an average temi>erature of about 180°. At the 
depth of 73 feet the tcmjiorature was upwards of 
250°. This high temperature ia probably due to 
the same causes iia produce the heat of volcanoes. 

Geysers occur in volcanic regions, and within 
limited areas. The most noted are those of Ice- 
land, the Vollowatone Park, wliere there are said 
to be several thousand, and New Zealand. 

The region wheie thcj ore chiefly found in Iceland is 
about two milea wiuare. Within this space are nearly one 
hundred opeiiirigB or geyser mouths jiiercing the grounii. 

JhtCfiplion —The mouths of gej^xera ore surroundrd with 
rims of vurioualf colored incrustations. These rims vary 
111 sine fnim n tow inches Ut many feet In diameter. That 
of tho Or«at Geyser ia fliteen feet in height, and fifty-six 
(r«t ti) (liamvtur. In the centre of this monstrous basin is a 
pipe or funnel eight feet wide. Oiit of this funnel Imil- 
wkter oonatsntly issues. Enijitive discharges also 



occur. There are cert&in premonitions when thea« mx» 
abimt to take place. At inl^rralB of a lev hours under- 
ground rumblings are heard ; the water in the basin boils 
furiously, and jets of hot water with clouds ti aLeam are 
thrown up to the height of several feet. 

Seveml of these intermittent discharges occur, and then 
succeeds a grand eruption. With a rumbling that shakes the 
ground, a huge column of bolting water 150 or 200 feet high 
is forced up into the air with loud explosions and amid 
clouds of steam. The basin and pipe are thus emptied of 
water. But at once they begin to fUl up, only to be empl 
■gain by another grand explosion. 

Of the Yellowstone Geysers an observer says 
Of all the geysers whose eniptions we witnessed, tl 
Grand was, I think, the most interesting. It played 
evening at a regular hour. Suddenly, with a single prel 
tory spurt, it shot a vast stream of water over two hundred 
feet into the air. This was maintained for a few minntes 
with nnabaled vigor ; then it suddenly ceased, and tba 
waters shrank back out of sight into the eavemous hoUow 
below. Meanwhile subterranean thimder shook Uie 
After a minute's cessation, the geyser again burst forth wil 
greater violence. This continued until nine succesni 
pulsations had occurred. 

Volcanoes are the most striking of all mi 
festationa of the earth's internal heal. They an 
BO important that they will be considered in dft 
tail in a subsequent lesson. Here, however, it i| 
proper to observe what atrong confirmation thej 
afford to tho theory of central heat. Streams ol 
lava, white-hot, like molten iron, issue through theii 
craters from the interior of the eartli. 

2. CondiHon of the Interior of tItS 
Uarth. — The phenomena above noticed have sug^ 
gested the conclusion that the interior of the earthf 
ia in a fluid condition, and that, consequently, only 
to tho depth of about thirty or forty miles is ths 
crust of the earth solid. 

It is argued that if tho heat goea on increasinj 
as the centre of the earth is approached, at thi 
same rate as it does in mines, then at a comparatively 
shallow depth even tlie most refractory snbstancai 
must necessarily be in a state of fusion. 

Many scientific men, however, doubt the fluidity 
of the central mass, and admit the existence of only 
local seas and lakes of molten rock. They contend 
that, instead of being fluid, the interior of tho' 
earth, though intensely hot, ia pasty, or even solids 

In juatiflcation of this view they argue that the enormont 
pressure eserted upon the interior of the earth would nulli^ 
the effect of its internal heat, because, if a substance is sab^ 
jected to pressure, It cannot melt as readily as undcrordiniuj' 
j circumstances. A body, therefore, may remain solid at ft 
I very high temperature, if it be under pressure. Of course, 
the condition of the successive layers that constitute the 
snbstanoe of the earth is, that while they are subjected to » 
heat which increases enormously as the centre is approached, 
they are at the same time subjected to a pressure which also 
mously OS the ceintre is approached. 




Whether, howerer, wo adopt the view that the central 
masa is flnid or eolid, it does Dot affect the conclusion that 
t i£ in an intensely heated condition, 

TOPICAL ANALT8IS. 

IT, niTBRHAL irK*T OF THK EARTH. 

1. EfldsBOM ot Int«raal H«at. 

Mln«. IncrvaM of heal wllh depth. MeuiB ot 
mULgitlUR CDs h«t. Depth ot mlnM. 

ArtMUn Well.. Dopih reichcd. Increwo of [no- 
pentan with depth. DlBtributlnii ol (Iidl welJi. 

Hoi Spring!. Mnmhec ud dlilrlbutiou. Tsmpen- 



Vokiuioes. How Ihej Indlcnte Inimiul hq»l. 
S, Condition of tlia Intarlnr of tha Earth. 

Two idowe beid, Afgomenu In rivoi of them. 
Oeuenl condDsJon. 

TMT Qubbtiok*.— Why can miners not work deeper btlow the mr- 
tace thu aboal »jm feel f Wbjr shotJd utctlui wells be colder thui 
mloea. U the uune dsplb I Wh; ire rlma formed round geyrer hwttu ? 
WbU force !■ it thst drlvea oai the wUei to euch ■ height t What da 
we Inter from Uie eiiitencc uT geywn In uy n;glau t 

V. VOLCANOES. 

1. A Volcano is usually a mound, hill, or 
mountain, formed of materials thrown up from 
the interiot of the earth. Its moat important 
feature is the crater, a depression or hollow, 
shaped, as the name implies, like a rust bowl or 
basin. It ie either npon the summit or upon the 
slopes of the volcanic mountain. Through a hole, 
or holes, in the bottom or the aides of the crater, 
the materials ejected find their way. 

Mramplf, — The crater of Kilauea, in Ilawaii, is one of the 
moat remnrkable in the world. It is a vast ova! basin about 
1,000 feet deep, one mile wide, and thnrc in length. Its 
floor is partly occupied by tvm lakes of molten matter in a 
stale of violent ebullition. Fierj jets xre sometimes thrown 
from the Burfaca to the height of saTcnty feet. 

2. Formation of a Volcano.— At the be- 
ginning of its existence, a volcano is simply a hole 
in the crust of the earth. Materials are ejected. 
These naturally full around the sides of the vent, 
and form a circular mound. Successive eruptions 
occur. The mound becomes larger and loftier with 
each eruption, until ia the course of centuries a 
mountain is formed. The vent remains low white 
Ihe matter ejected is thus built up about it, and in 
this way the crater assumes its basin-like shape. 

RAPiDiry.— The process of formation is some- 
times very rapid. Jorullo, in Meiico, was thrown 
up in a single night to the height of 1,695 feet 
above the plain in which it stands. Monte Nuovo, 



a Tolcanio hill near Naples, was formed in the 
course of a few days. 

Submarine Volcanoes. — The formation of a 
volcano may begin at considerable depths below the 
level of the sea. In proof of this it may be said 
that vast numbers of oceanic islands owe their ex- 
istence to volcanic action, and deep-sea soundings 
show that many of the deepest piirts of the ocean 
are covered with volcanic liebria. 

In 18fll a mass of matter rose from the sea near the coast 
of Sicily, and attained in a few weeks the height of 170 feet 
above the water. It was named Qrahara Island. In a few 
months it disappeared, because the materials compoeing it 
were so loosely held together, If the matter ejected by sub- 
marine volcanoes ia compact, a permanent island is formed. 

In the year 171)0 a volume of steam was seen to arise from 
tbe sea about thirty miles north of Unalaiika, one ot the 
Aleutian Islanda. Ejected materials gradually accumulated. 
The mass grew higher and higher, until now it is several 
thousand feet above the sea level, and has a circumference 



of tW( 



irthro 



miles. 



The fohm of Volcanic Mountains is gener- 
ally more or less conical. If the materials ejected 
are in a fluid state, the elevation is comparatively 
small. The volcanoes of the Sandwich Islande 
jiresent the form of exceedingly flattened cones. 
This is because the matter which they emit is very 
liquid. When the materials are less fluid, the 
slopes are steeper, and the form ot the monntaiu 
approaches that of a pointed coue. 

A notable example is Cotopaxi. It is tlio most 
symmetrical of vokyinoes. 

The Heigut op Volcanoes. — The highest vol- 
cano in the Old World Is Kliutchev. in Kamtciiat- 
ka. It is ahoiit 15,000 feet high. Tliure are some 
in South America higher than this. Several among 
the Andes have an altitude of more than 20,000 
feet. 

3. T/(« inaterlals ejected from volcauoea 



VOLCANOES. 



are steam, gases, mud, lava, or molten rock, stones, 
ashes, sand, and dust. 

Lava ia a mixture of Tarious roL-ky sabatancee. 
The most importtmt of its olements is silica, which 
is familiar to na in the forma of white sund, quartz, 
and flint. lasuing from the volcano lava closely 
resembles the slag of a smelting furnace. 

Formation of Lava. — It may be asked how we acironnt 
tor its fluid ooiidition, if wc suppose that the matcrislB id 
thu interior of (he e&rth. though intensely hot, nre stlH 
solid. The eiplanation is, that these solid but intensely 
heated materials, on being ciriven upward, are relieved from 
pressure, and assume the fluid state, even before reaching 
the eurfai:c. 

When steam bubbles are imprisoned in molten 
lava in the act of cooling, the lava is converted 
into a light porous maaa, which ia tho well-known 
anbstance called /jm hi ice. 

Often the luva ia completely reduced to powder, 
and it ia then called volcanic asltes, or, if coarser, 
volcanic sand. Sometimes the wind blows the 
molten lava into delicate fibres like those of spun 
glass.* The Sandwich Islanders gave the name of 
*' Pele's Hair " to this substance, Pele being the 
name of the goddess of the volcano of Eilauea. 




ir UHTUIU.ft (lu OnXlUl AKbllMlagl 

4, Quantity of Matter l^ected.—1iie 

quantity of lava and other matter emitted by vol- 
canoes is immense. The lava that issued from 
Hccia in 1783 waa computed by Sir Charles Lyell 
I to be equal in volume to the water diachargcd by 
the Missigaippi in three months. 




In the eruption of Veenvias, A.D. 79, the mat- 
ter vomited forth far exceeded the entire bulk 
of the mountain ; while in 1660 Etna disgorged 
twenty times its own masa. 

Iril878sunliquantitieBofpnmioe were thrown oat 
from tho volcano of the Solomon Isles into the sur- 
rounding sea, that it took ships three days to force 
their way through them. Sometimes one may i 
walk npon the floating pumice as upon a vast raft. 
[See " Krakatoa Eruption " in Recent Facta,] 

S, Volcanoes Classtfted. — ^Volcanoes may 
be classified as active, dormant, or extinct. Activa 
volcanoes eject various substances. When no signs 
of activity are given for a considerable time, the 
volcano is said to be dormant. When a volcano 
has been dormant for centuriea, and it seems prob- 
able that its activity is lost forever, it is said to be 
extinct. 

The freqtiency of volcanic discharges is varied. 
Some volcanoes are continuously active, Stromboli 
has been for 2,000 years in a state of conatant, but 
not dangerous activity. It is visible at night to a 
distance of more than 100 miles all round. A red 
glow ia seen from time to time above the aummit 
of the mountain. This becomes gradually more 
and more brilliant, and then as gradually dies away. 
It ia this phenomenon which has given to Strom- 
bolif the name. "Lighthouse of the Mediterra- 
nean. " 

On the other hand, Cotopaxi and Tnnguragna 
in the Andes have had eruptions only onco in 100 
years. 

Vesuvius exhibits great irregularity. It hud been long 
dormant before the eruption of A.n. 79. Its crater waa 
uenrly fllled up, and was occupied by an abundant Inrcst- 
growtli. Cities and vLUages graced its slopes. After this 
eruption, none of great moment occurred until 1681. 
that time, one of the most destructive on record took pit 
It continued fur three months, and destroyed a number of 
cities and villages. The hist eruption occurred in 1S73. 

From these and similar facts, it is evident that we havo 
no knowlcclge of any law which governs the frequency of 
volcanic eruptions. 

tf . Eruptions. — There is no definite order in 
which the phenomena of an eruption aucceed one 
another. They are usually preceded by subterra- 
nean rumblings and tremors. Before the great 
eruption of 1872, Vesuvius gave indications of un- 
usual activity for a whole year. In many cases, 
however, the eruption followa the warning imme- 
diately. An eye-witness, writing of StromboH, 
says that he had observed numerous light, curling 
wreaths of vapor ascending from the crater ; then 



suddenly, without the slightest vaniiag, a sound 
was heard like that of a locomotive giving off 
Bt«ani ; and the eruption at once occurred. 

Emission of Steam. — In general, after the pre- 
liminary rumblings and tremors, dense columns 
and globular mflsses of icaiery vapor mingled with 
a Tariety of gaseons finhstancea issue from the 
crater. According to the state of the atmosphere, 
and the existence of winds and air currents, the 
vapor assumes a variety of forms. 

In the case of Mount Vesuvius it not nnfre- 
quently expands after attaining a certain height, 
and becomes lite n vast " umbrella," us the Ital- 
ians call it, having a top many miles in circumfer- 
ence. The lurid glare of the boiling lava in the 
crater below is reflected upon the nnder-surface of 



tricitj. A machine bas bvenooiiBtmcU.il 1o gencnte dec- 
tricityin this way. From it UirrenU of sparks aa much as 
fourteen inches in length have been obUined. The craiei, 
with its immense volume o( uprising vapor, maj be compared 
to a gigantic machine of this descriptioa 

Emission of Solid Materials, — Often with the 
vapor are mingled immense quantities of volcanic 
ashes and sand, which descend and cover the sur- 
rounding country, sometimes to the depth of many 
fret. 

Eighteen hundred years ago (a.d. 79), the cities 
of Herculaneum and Pompeii in Italy were cov- 
ered with a deluge of ashes from au eruption of 
Vesuvius. They were buried from TO to 120 feet, 
and lost to view for nearly seventeen centnries. In 
1711, a well-digger turned up a bit of statuary. 




the umbrella, and gives the appearance of a vast 

conflagration. This spectacle ia indescribably im- 
pressive at night. During the eruption of Vesu- 
vius in 1872, instantaneous photographs were 
obtained of the umbrella. The above cut is a copy 
of one. From this, recollecting that Vesuvius ia 
4,000 feet high, we see that the vapor rose to the 
height of 20,000 feet, or nearly four miles. 

The vapor emitted, being condensed, falls as rain. 
The rainfall is excessive and long continued, and 
often gives rise to destructive floods. Around the 
vapory column y^vM lightning constantly plays. 

Jets of steam under High pressure, if allowe<1 to issue from 
an orifice, give nsa, in doing ao, to large quantities of eleo- 



which led to the discovery of the two cities. The 
work of exhuming them is still going on. 

The distance to which the ashra of a voleano may be cai^ 
Tied is almost incredible. In 184.% the ashes of Hecia wer« 
carried to the Orkney TBlftnds. a distance of nearly 700 miles, 
and in 1813. those of Tomboro, in the island of Sumbawa, 
fell at Bencoolen, 1,100 miles away. 

Rocks and stones are sometimes vomited forth 
with fearful noise, and hnrled with prodigious 
force. A mass of rock, meaenring 300 cubic feet, 
was on one occasion thrown from Cotopaxi to a 
distance of about eight miles. 

The Emission or Lava in the molten state iathe 
moet imposing of volcanic phenomena. The ac- 
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tion which goes on has been compared to that which 
occnrs in a pot of boiling porridge. 

Hwpkmaiion, — As the mass of porridge gets hot, steam is 
generated in it at the bottom. This rises through the por- 
ridge. In doing so it forces a portion upward. More and 
more 'steam being generated, bubbles of porridge rise to the 
surface, and mimic explosions occur, or the porridge is 
thrown in little jets above the surface of the boiling mate- 
riaL The process may increase in violence until the phe- 
nomenon of boiling-over takes place. Quite similarly the 
boiling lava is forced upward higher and higher in its crater 
by vast volumes of steam that are seeking to escape. Ex- 
plosions occur on the boiling surface, and often jets are 
thrown far up into the air. 

Finally, the rising lava overflows the rim of the crater, or 
quite as often bursts through the sides of the mountain, and 
pours down its slopes in rivers of fire. 

So numerous were the fissures which rent Vesuvius in the 
eruption of 1872 that liquid lava seemed to ooze from every 
portion of it, and, as an eyewitness expressed it, " Vesuvius 
sweated fire." 

Lava Streams vary in magnitude. The larg- 
est recorded were those of Skaptar Jokul^ in Ice- 
land^ in the years 1783-5. Torrents of molten 
rock deluged the island. Biver-courses, ravines, 
and lakes were filled, and the surface of the coun- 
try for hundreds of square miles was completely 
devastated. Some of the streams were about fifty 
miles in length, and in certain places fifteen miles 
in breadth, and 100 feet deep. In some of the 
narrow valleys the depth was 600 feet. 

The velocity of the streams, and the distance to 
which they reach, depend on the fluidity of the 
lava, and the slope of the land. One thousand 
feet per hour is a rapid rate ; the extreme of 
ten thousand feet per hour has been observed, 
though rarely. 

The retention of its heat by a lava-stream is very 
remarkable. When the surface of the stream has 
cooled, it becomes a hard crust which prevents the 
escape of the heat. 

A mass of lava 500 feet thick, ejected from Jorullo in 1759, 
was seen smoking by Alexander von Humboldt forty-five 
years after. The Indians lit cigars at its crevices. The lava 
thrown from Vesuvius in 1858 continued as late as 1873 to 
give out steam, and remained so hot that one's hand could 
not be held in some of the fissures for more than a few 
seconds. 

End of Eruptiok. — The flow of the lava is the 
beginning of the end. After its occurrence the 
showers of ashes gradually cease, the explosions 
become less and less frequent, and at length no 
evidence of volcanic activity remains, save perhaps 
a vapor-cloud veiling the summit of the mountain. 

7. Distribution of Volcanoes. — Two 

significant facts are to be observed regarding the 
diatribntiou of volcanoes. 

First : the active volcanoes of the globe are, as a 



rule, situated upon areas which are undergoing 
upheaval. Those portions of the surface of the 
earth which are subsiding are without volcanio 
activity. 

Second : almost all volcanoes are near the sea. 
Those upon the continents are close to the shorea 
The only well-authenticated examples of yolca- 
noes situated far inland, are those of Ararat and 
Demavend, of Peshan and Turfan, or Hot-Scheou, 
and the Solfatara of Urumtsi, all in Central Asia. 

The most striking exemplification of this law of volcanio 
distribution is presented by the Pacific Ocean. It is literally 
encircled with active volcanoes. 

The great Volcanic Belts. — There are three 
great belts traversing the globe, within which 
nearly all the volcanoes of the world are situated* 
These may be called the Pacific Insular Belt, the 
Atlantic Insular Belt, and the American Conti- 
nental Belt. [See map on opposite page.] 

TTie Pacific Insular Belt extends all along the 
northern and western shores of the Pacific Ocean. 
Beginning with the Aleutian Islands it embraces 
Kamtchatka, theKurile, Japanese and Philippine 
Islands, Sumatra, Java, New Guinea, the Friendly 
Islands, and New Zealand. 

One extension of this belt embraces the Society, Marquesas 
and Sandwich Islands ; another is the volcanic region of 
Victoria Land. 

The Atlantic Insular Belt comprises extinct and 
active volcanoes and volcanic islands which trav- 
erse the Atlantic from north to south. The Isl- 
ands of Jan Mayen, Iceland, the Azores, Cape 
Verd Islands, St. Helena, and Tristan d'Acunha, 
are points which mark this volcanic band. 

The American Continental Belt. — The third 
great volcanic belt is mainly continental. It ex- 
tends from Cape Horn and the South Shetland 
Islands to Alaska, a distance of more than 10,000 
miles. All along this line volcanoes, singly or in 
groups, are found. An outlying spur of it in- 
cludes the Lesser Antilles. 

A minor, yet very important volcanic belt is that of the 
Mediterranean region. It comprises Etna, Vesuvius, 
Stromboli, and Vulcano in the Lipari Islands, and Santorini 
and Nisyros in the ^gean Sea. 

Outside of the three great belts there are many 
volcanoes irregularly distributed. In the Pacific 
all islands not of coral origin are composed of voK 
canic rocks. In the Indian Ocean there are vol- 
canoes upon Madagascar and the adjacent islands. 

In Central France, in Spain, and generally 
throughout Europe, there are numberless proofs 
of volcanic action. Africa is thought to contain 
about ten volcanoes. The volcanoes most remark- 
able for the irregularity of their situation are 
those in Centnil Asia already mentioned. 
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The number of Active VoLCAiiroES on the enr- 
face of the globe is estimated at from 300 to 350. 
Of dormant and extinct about 700 are reckoned. 

8. The most active Volcanic Segion in 

the world, at present, consists of the islands in the 
Malay Archipelago. Java is the centre of it. No 
region is so thickly studded with burning moun- 
tains as this island. It has twenty-one yolcanic 
cones. 

In 1772 one of them was in violent eruption. Its immense 
cone actually disappeared. It carried down with it ninety 
square miles of land, and forty villages were swallowed up. 

In 1815, Tomboro, on the island of Sumbawa, 800 miles 
from Java, burst forth with such violence, that the explo- 
sions were heard at the distance of 970 miles. 

9. Causes of Volcanoes, — The fundamen- 
tal cause of yolcanic action is undoubtedly the ex- 
pansive force of compressed steam and other gases. 
Two cases are conceivable : (1) the compressed 
steam and gases may be free, i. e. not blended 
with the lava ; or, (2) they may be imprisoned 
within the substance of the lava. The force 
developed will be tke same in both these cases, but 
the mode of action will be somewhat different. Let 
us consider the first case. 

Action of Free Gases.— Bear in mind that at 
a comparatively shallow depth the earth is intense- 
ly hot. Then observe [see p. 13, Artesian Wells] 
that water may readily find its way througli crev- 
ices or between the strata of rocks, and come into 
contact with the heated matter. The effect will 
be to convert a part of tlic inflowing water into 
steam. This may be done with great suddenness. 

The same conditions will occur as those which 
often cause the explosion of a steam boiler. The 
water in the boiler gets low, the fire is kept up, 
and the walls of the boiler become intensely heated. 
If now there be a sudden influx of water, some of 
it is converted into steam with such rapidity and 
in such quantity that it cannot possibly escape. 
The boiler is unable to resist the pressure, and an 
explosion takes place. 

Similarly the water that finds its way into the 
intensely heated interior of the earth may be sud- 
denly converted into steam. The expansive force 
of the steam increases under the two influences of 
enormous heat and enormous pressure. 

Suppose the water to enter some subterranean cavity 
partly filled with molten lava. Steam is suddenly gen- 
erated and an explosion occurs. By the concussion, the fis- 
sure which admitted the water is closed, and the remaining 
water completely pent up. It is converted into steam. 
Heavy pressure and intense heat give to it enormous expan- 
sive power. We can imagine how such superheated steam 
might drive upward lava, or stones and sand. It would act 
on exactly the same principle as that of the compressed air 

the air-chamber of a force pump or a water-ram. 



AcTiOK OF Absorbed Gases. — The second case 
in all probability occurs more commonly than the 
first; and in fact^ it seems to contain the explana- 
tion of nearly all the phenomena of volcanic erup- 
tions. A number of substances^ solid and liquid, 
absorb^ under pressure^ and at high temperatures, 
many times their own volume of steam and other 
gasei If the temperature be reduced, or the 
pressiire be relieved, these gases can no longer be 
retained in absorption. They escape with explosive 
violence. Lava, intensely heated and under press- 
ure, jabsorbs many times its volume of steam and 
other gases. Imagine it thus charged to be forced 
upward through the crust of the earth. Its capac- 
ity for retaining gases in absorption is diminishecL 
The liberated gas expands and forces the lava in. 
whatever may be the direction of least resistance, 
precisely as the volume of gases liberated froni 
gunpowder and similar substances expands and 
forces obstacles before it with explosive violence. 

Among other things this satisfactorily explains 
the pulverization of lava and the production of 
volcanic sand. The gases absorbed by the lava 
being relieved from pressure, blow it into powder, 
as wood is blown to pulp for making paper. 

Some writers consider that volcanoes arc due to the 
shrinkage of the crust of the earth compressing and forcing- 
upward molten matter from subterranean regions. StcAni, 
however, is admitted to be the only a|pncy which accounts 
for the explosive character of eruptions. 
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V. VOLCANOES. 



1- Description. 

Principal feature. Crater of Kilaara 

2. Formation. 

Mode. Rapidity. Submarine volcanoeB. Foitn of 
volcanic mountaini*. Height of volcanoes. 

8. Materials ejected. 

Lava. Fohnation of. Pumice. Volcanic asbe» 
and t*and. Pelc's hair. 

4. Quantity of matter ejected. 
Example!*. 

6. Volcanoes classified. 

Frequency of discharge. Examples. 

6. Emptions. 

Phenomena of. Appearance of flame, how pro 
duced. Cause of lightning. EmisMon «»f eolid 
materials. Emission of lava, how produced. Lava- 
streams, magnitude and velocity of. Rctentioit 
oT heat by. End of eruption. 

7. Distribution of volcanoes. 

In relation to change of level of smrounding area. 
In relation to the sea. Great volcanic bells. Pacific 
Insular. Atlantic Insular. American ContinentaK 
Minor belt. Irregularity of distribution. Nnxi^ 
IMJ- ot active vulranoi-s. 
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8. XMt MttTt volcknla Tsgion. 

9. CknH of TOlWDOM. 
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VI. EARTHQUAKES. 

1, An Earthquake is a shaking or trem- 
bling of some part of ihscrvst of the earth. It \& 
a vibratory or wave-like motion resembliog the 
grouEd-awell or roll of the sea. It may be uothing 
more than a sliglit tremor like thut made by a 
loaded wagon passing aloog a street, or it may be 
such a violent movement as to destroy whole cities. 

Usually, at the commencement of an earthquake, 
a rambling noiae, like distant thunder, deep down 
below the surface of the earth, is heard travelling 
along, us if in search of some weak place through 
which to burst. Then suddenly, without any 
warning, the gronud rises and falls, houses rock 
to and fro, until they are rent from top to bottom, 
or fall with a cruab into ruins. In some cases the 
earth o]>ens with gaping cracks which either close 
again or are permanent. In a few seconds a city 
may be demolished, and hundreds or thousands of 
tt^ inhabitants may be dead or dying. 

The obioin of the vibratory motion or earth- 
wave is called the centre or focus. It is not a 
point, but a fissure or e])ace between great maesca 
of rock. It is believed that it is rarely more than 
thirty miles below the surface. 




Diagram UlaiCntlni; the prapiglllan of *ii 
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Prom the focus the earth-wave 
all directions. While, however, this is generally 
true, it must be observed that the transmission of 
the vibration will necessarily depend on the nature 
of the materials encountered. In some directions, 
perhaps in many, the earth-wave will meet with 
such obstacles that it will rebound, and practically 
be nullified, like a wave of water dashing against 
a rock. 

The vklocitt of the earth-wave appears to be, 
on an average, about twenty-five miles a minute. 
It may attain the enormous speed of five or six 
thousand miles an hour. 



2. Duration of Earthquakes.— Earth- 

quakes may be momentary ; or they may consist 
of several aucceasive shocks ; and these may he 
repeated during long periods. After the earth- 
quake, which, in 1760, destroyed the city of Cu- 
mana, in Venezuela, shocks were felt nearly every 
hour for fourteen months. 

In St Thomas, after the earthquake of 18(i?, 
and at Charleston, after that of 1886, shocks 
were felt for many weeks. 

3. Area of JMgturbanve. — Ihe area 

through which the disturbance extends may be 
very large. The shock of the earthquake of Lis- 
bon, in 1755, was definitely felt as far as Finland 
in one direction, and as far as Madeira in another. 
[See map, page 19.] 

The disturbance affected the sea to a much 
greater distance. The water rose among the West 
India Islands so that Antigua, Martinique, Guade- 
loupe and Barbadoes were overflowed. The area 
disturbed was four times as great as that of Euro|>e. 

In 1788. all the towns within a radius of tweotj miles 
from the town of Oppldo, in Calabria, were <lestro;ed. 

The gTDftl eartliquAke of Quadeloupc. in 1842, was felt 
through an nreu ot not less than 3,000,000 square miles; 
that of Charlestou tiirough a nearly tiqual area. 

Is SHAPE, the area of disturbance is commonly 
an irrogulai' oval. 

4. The Sea-Waves which are caused bf 
earthquakes that have their centre under the 
ocean bed, are appalling phenomena. 

The water at first recedes from the beach, and 
exposes the sea-bed even beyond the usual limits 
of low water. Then the sea-wave comes in with 
A steep front or wall sometimes more than fifty 
feet high. It drives back the receding water, 
and deluges the shore, sometimes demolishing 
whole towns. It often passes inland to the dis- 
tance of several miles. The inhabitants rush to 
the hills, and remain there until the wave sub- 

Exampht, — The great waTe of the Lisbon earthquake wae 
sistj- feet high at Cadii. Il rose aod lAi eighteen times at 
Tangier, in Africa. 

In 1834. when Simoda, in Japan, was destroyed b; an 
earthquake, the Bea-wttve conjplotely overwhelmed the place. 
The reuediDg wave actual!; crossed the Paoiflc, and made 
the water rise on the coast of CalUomia. 

In 1740. the town of old Callao. in Peru, was destrofed b; 
aa earthquake. A wave 60 feet Ugh tare from her antbon 
a Spanish [usn-of-war. lift«il heiover the lioueea, and carried 
her eeveml miles inland. The receding wave left her high 
and dry on the rood to Ijima. 

S(^a-wBvea are often perceptible tbroughoutan entire ocean 
basin. They travel across the Pacific at the rate at about 
i!50 miles an hour. 
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If the centre of the earthquake is on land, so near the 
ooast as to disturb the sea, the waves produced are thrown 
out from the shore and are harmless. This expbiins why, 
although the Charleston earthquake was felt at sea as far as 
the Bermudas, no wave-damage was done in the harbor of 
Charleston. 

5. Destructive JEffects. — Earthquakes are 
perhaps the most impressive manifestations of 
power in the material world. The destruction of 
human life occasioned by them is appalling. 

On the 1st of November, 1755, Lisbon was 
shaken by the ''great earthquake,^' and in six min- 
utes its palaces were in ruins, and 60,000 of its 
inhabitants were dead. 

In March, 1812, Caracas, in Venezuela, was de- 
stroyed, with 10,000 of its inhabitants. 

6. Upheavals and Depressions. — Geo- 
logical changes of great importance often accom- 
pany earthquakes. 

In the year 1819 an earthquake occurred in the 
region adjacent to the mouth of the Indus. It 
completely destroyed the town of Bhooj, and was 
felt within a radius of hundreds of miles. A tract 
to which the natives gave the name of "Allah 
Bund," or "Mound of God,*' was raised where, 
before, there had been a level plain. The "Bund " 
was fifty miles long, sixteen miles wide, and about 
ten feet high. At the same time the fort and vil- 
lage of Sindree, with the neighboring region, sub- 
sided ; the sea flowed into the sunk area, and an 
inland sea was formed covering 2,000 square miles. 

7. lyistribution of Earthquakes. — Ko 

part of the earth is entirely free from earth- 
quakes. In certain parts of Japan tremors are 
felt every day. Vessels not unfrequently report 
earthquake shocks at sea. 

In the OLD WORLD they are most frequent in a 
region which embraces the northern shores of the 
Mediterranean Sea, and extends eastward into the 
central portions of Asia. 

In the NEW WORLD earthquakes are far more 
common than in the Old. Both the eastern and 
western mountain regions of North America are 
subject to them, but the region of greatest fre- 
quency is in South America. It comprises Ecua- 
dor, Peru, and Chili. 

In many places within this region the houses are built of 
reeds and bamboo, lashed by thongs of bull's hide, and se- 
cured in their places with cords instead of nails, that they 
may yield to the shocks without being shaken to pieces. 

The natives can feci the approach of an earthquake long 
before the stranger can. Suddenly, in the midst of gayety, 
the author has heard the cry, accompanied by shrieks, 
•* Trembler I " {earthquake]. Then a rush for the streets. 
Sometimes, when these alarms take place in the dead of 
night, the whole population may be seen out in their night- 
elothes, kneeling and praying in an agony of terror. 



8. Causes of Marthquakes. — Various 
causes have been assigned to account for earth- 
quakes. Many have referred them to volcanic 
action ; but they are probably due for the most 
part to what is known as *' displacement." 

(1) By this is meant the sliding of vast masses 
of rock one upon another. When the millstones 
in a grist mill are in motion, the whole building 
is in a state of vibration or tremor. The vibra- 
tions are more or less violent according to the 
size and number of the stones. And in like man- 
ner the noise or rumbling produced will vary. 
Now imagine that, from any cause, masses of rock 
millions of times the size of the millstones should 
slide or grind upon one another. Clearly rum- 
blings and tremors would be occasioned. We can 
imagine the tremors produced by the sliding of 
vast rock masses to be so violent as to produce 
the destructive effects of earthquakes. 

But can any cause be conceived for the displace- 
ment supposed ? It is believed that the cooling 
and contraction of the interior of the earth ac- 
count for it. The inner strata or layers of rock, 
as they cool and contract, shrink away from the 
outer layers. Then some portions of the outer 
layers are left without support. They may now 
bend or they may break. Having broken, they 
may slide and grind upon the rocks that lie under- 
neath. The effects of such sliding may be faintly 
illustrated by the jarring and noise produced by 
millstones in motion, or by a heavy body of snow 
when it slides upon the roof of a large church. 

If reference be made to page 28, it will appear that the 
same causes which are believed to occasion earthquakes are 
considered to have been at work in the formation of the 
grand mountain systems of the earth. If this view be correct, 
then where mountain-making goes on, earthquakes should 
abound. And this has always been, and is the case. 

(2) While thus displacement is the direct cause 
of earthquakes in general, it is probable that cer- 
tain earthquakes, which have been termed *' ex- 
plosive," are due to volcanic action, as their indi-- 
red cause. These are of minor importance and 
are local in their effects. 

•9. Relation of Earthquakes to Vol- 
canoes. — A close relation exists between earth- 
quakes and volcanoes. Displacements are the 
direct cause of earthquakes, and they are condi' 
tions which at least contribute to the production 
of volcanic action. Hence it is that earthquakes 
are most frequent in volcanic regions. 

Moreover, aside from what is noted above in paragraph (2), 
volcanic action may aid in the production of earthquakes 
by removing matter from the interior of the earth, and de- 
positing it upon strata already under strain. This would 
contribute to displacement, and so to earthquakes. 
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VI. EARTHQUAKES. 

1. Heteriptioii. 

Characteristic phenomena. Origin of vibntofj 
motion of earth-wave. Velocity of. 

2. Ihiivtioii* 

Examples. 

8. ATM of Ditturbaiioe. 
Bxamples. 



4. 8Mk-WaTM. 

Description. Examples. 

5. EfTeoti. 

Dc^tmction of human Ufe. 

6. UpheaTftli and depretiioiii. 

Examples. 

7. Distribution. 

lu general. In the Old World. In tha New. 

8. CaniM of Earthqaakei. 

9. Relation to Yoloanoes. 

As to locality, cause and time of occurrence. 
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Comparative Insignificance. 



The Planetary Movementa. . 
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PART II. 



THE LAND. 



L ARRANGEMENT OF LAND MASSES. 

1. Selations of latid, water a fid air. 

— In the preceding pages we have regarded the 
Eartli as a whole. In those which are to follow 
we shall consider (1) the yarious constituents of 
the earth, viz., the land, the water, and the air ; 
(2) the phenomena which belong to each of these ; 
and (3) the life which they support. 

The land, the water, and the air are to be con- 
sidered as parts of a grand and most perfect mech- 
anism. They contribute in a variety of ways to 
the maintenance of plant and animal life. 

Without a knowledge of Physical Geography we look 
upon the earth and its diverse agencies, as the young appren- 
tice may be supposed, when he first enters the machine-shop, 
to look at the various parts of the steam engine which he 
sees there lying about, but ready to be put together. There 
they are, all the different parts, fly-wheel and crank, piston, 
valve and ratchet, steam-chest and boiler. Though they 
have so little resemblance to each other, and look so little 
like a compact and powerful machine, yet, when he comes 
to see them put together, to have the fires lighted, steam 
raised, and the engine started, he discovers at once that 
each part is made to fit into another and work with its fel. 
low ; that the whole is according to detign, and that every 
piece has a special office to fulfil, failing in which the whole 
machine would be thrown into confusion. So it is, as the 
study of our science will show, with the terrestrial machin- 
ery. 

2. Distributioit of Land.—Ot the 197,- 
000,000 of square miles which embrace the surface 
of the eartli, about 144,000,000 are covered by 
water, and 63,000,000 by land. In other words, 
there is nearly three timegf as much water as land. 

The land is found in masses of irregular shape 
and size, which are separated by intervening por- 
tions of water. The six largest land-masses are 
called Continents. The smaller divisions of land 
are called Islands. 

Most of the land is in the northern half of the 
globe. It surirounds the North Pole in an almost 
continuous ring, and from the polar regions it ex- 
tends in long irregular masses towards the south. 
We may consider these masses as forming three 
pairs of continents. Tlie division comprising 
North America and South America Jiifords the 
Bioet perfect example of this arrangement ; that 
coiunsting of Europe and Africa is less well de- 



fined ; while that is most irregular which com- 
prises Asia and Australia. 

In regard to shape the continents follow a gen* 
eral law. They spread out broadly towards the 
north, while towards the south they taper to 
points, or throw out peninsulas. Thus, in general, 
they approach the form of a triangle. This la 
strikingly illustrated in the case of Africa and the 
two Americas. Europe and Asia combined form 
a vast triangle. Australia, is the only marked ex- 
ception to the rule. 

Almost all the large peninsulas are southern 
projections from the continents. 

3. Northern and Southern Henti- 

spheres. — ^The globe is divided by the Equator 

into a ISTorthem and Southern Hemisphere. 
North America, Europe, and Asia, two-thirds ot 
Africa, and a portion of South America are con- 
tained in the Northern ; Australia, part of Africa 
and the greater part of South America, in the 
Southern. There is three times as much land in 
the Northern as in the Southern Hemisphere. 

The Northern Hemisphere is the seat of knowl- 
edge, civilization and power. It is the commer- 
cial hemisphere. 

The Southern Hemisphere has never been the 
seat of power. The Peruvians and the Javanese 
were the only nations which attained a high degree 
of civilization there. Only about one-fifteenth of 
the population of the globe have their home witti* 
in this hemisphere. 

4. Land and Water Hetnispheres. — 

The earth may be divided into two hemispheres, 
one of which contains nearly all the land, and the 
other nearly all the water. These hemispheres are 
known as the Land Hemisphere and the Water 
Hemisphere. London is nearly at the centre of 
the Land Hcmisplicre ; New Zealand nearly at that 
of the Water Hemisphere. Australia presents the 
largest extent of land in the Water Hemisphere. 
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1. aelatioiL of land, water and air. 
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QUESTfONS OH MiP or tun Woeld. — How do Europe and 
^sm compnre in general ilirecliun Willi North and Suuth 
Araerua ? Which of the Old World conlinents resembles 
the Kew in general direction ? What zones are traversed 
nliuUy or in part br each o( Ibo continents ? VVhat is thi> 
general direction ol the mountain ranges uf the Eaati'rn 
Hemisphere? Or those ut tho Western f What iKknds are 
neur the centre of the land hemisphere 7 What islands ore 
near the cen'.reof the water hoiuispherB ? 



II. FORMS OF LAND. 

1. Iforixotital Fonns.—lahoThont^MoTm 

the various land-maasea are very irregular. Every- 
where the sea more or Ictia deeplyinilenta tlio shoi-c. 
The indentutiotia form navigable sous or sounds, 
harbors or roadBtcads. The length und indenta- 
tion of the shore line, therefora, arc indicatioas of 
the commercial capabilities of a continent. 

Comparing the several continents, we find that 
the southern have far Eioro regular outlines than 
the northern. Their indentation is compurati velj 
limited, and their coaat-Iino short. The contrast 
is moat marked between Europe and Africa. 

Europe has six limes more consl-Une in propor- 
tion to its area than Africa. The effect of thia 
has been very important in the history of the two 
continents. By the multitudinona seas, bays, and 
gulfs of Europe intcr-communication of one part 
of the continent with another, and with other por- 
tions of the world, has been facilitated, and thus 
its several countries have been rendered accessible 
to commerce und civilization. Europe has enjoyed 
itnicmg the continents the leadership in commerce. 

Africa, oD the other hand, with its comparatively 
unbroken coast-line and scanty harbors, has been 
barred by nature from extensive intercourse with 
the outside world. 

North America, though in a less degree than 
Europe, is pre-eminent for the indentation of its 
8ca-coast. This contributes to render it the com- 
panion of Europe in commerce and civilization. 

3. Vertical Forini*. — By vertical forms we 
mean the elevations of the land above the sea-level . 
With very insignificant exceptions all the land is 
e or less raised above the water. 



The Avebaqe Elevation of the earth's surface 
is not great. It has been estimated that if all the 
mountains were levelled, and all the valleys filled 
up, the land of the globe, taken as a whole, would 
raised, on an average, as mucli as 1,000 
feet above the sea. 

Although the mountains are so massive in sine, and rcnch 
so fcirinto the blue ether that their highest peaks can never 
be scaled ; yet, when eompared with the size of Ihe earth, 
their huge proportions dwindle into insignifl canoe. 

A mountain five miles high, which is higher than any but 
the loftiest peaEra of the fiimalaja or Karalroruni, rises 
atwvo the sea-level but rig part of the earth's radius. Hence 
upon a globe siitecii inches in diameter, it would be repre- 
wnled by an elevation of only -,\,„ ot an inch, about the 
thickness ot two leaves of this book. 

On a globe sixteen feet in diameter, the highest mountains 
would rise above the surface less than the eighth of an inch. 

3. Forms of Relief.— According to their 
relief, the various forms of land are classified as 
lowlands or highlands. 

Lowlands are elevated less than 1,000 feet above 
the sea. They are commonly called plains. 

Highlands have an elevation of 1,000 feet or 
more above the sea. They arc called plateaus or 
tablo-landa and mountains. There ia no uniform- 
ity in the use of the term hill. It commonly des- 
ignates an elevation of less than 2,000 feet. 

4. Plains are those portions of the earth's 

surface which arc level, or which, though diversi- 
fied with hills, have only a moderate elevation 
above the sea-level. About half the extent of the 
continental surf acea consists of plains. If covered 
with grass, but generally destitute of trees, tliey are 
called ^rniVies in our coanlry, pampas or llanos in 
South America, and steppes in Asia. The densely 
wooded plains of the Amazon are culled selvas. 

Plains arc classified according to their origin as 
marina or alluvial. 

Marine Plains are considered to have been, 
at some remote period in the history of the globe, 
portions of the floor of the sea. Upon them are 
found sometimes saline deposits, sometimes the 
remains of animals and plants that must have 
lived in suit water. Our own Atlantic seaboard 
and the Caspian region in Asia ore noted examples 
of marine plains. 

Alluvial Plains are those which have been 
formed from materials washed down from the hills 
and mountains by the rain and the rivers. The 
Delta* and valley of the Nile, the Delta of t'le 
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MissiBsippi, tlie plams of the Indne and the Qan- 
ges, and the Black Lands of Russia are alliiTial. 
Such pluins are among the most productive por- 
tions of the surface of the earth. 

The Nile VaUey and that of tha MenBm in Siam are an- 
nuall)' overflowed, and covered, whsn the flood subsides, wilb 
a fine sedimeDtaij deposit. This consists of rich fertilizing 
materials brought down from distant mountain slopes. It 
imparls perennial fertility. It has clothed the land of Egypt 
with rcrduro since the days of the Pharaohs, 3,000 yean 
ago. It secures the great rice-crop of Siam. 

Plains, centres of civilization. — Owing to their 
fertility and eaae of cultivation, plains have been, 
throughout the history of man, centres of popula- 
tion, civilization, and power. The imperial glory 
of Nineveh and Babylon, the culture of ancient 
Egypt, the enduring prosperity of China, and the 
nnrivjilled wealth of India, all owe theirorigin to Hie 
trcajsurea brought down from the everlasting bills. 

S. Plateaus or Table-lands are broad 
elevated areaa which rise above the level of the 
Burrounding surface. The name snggestH that 
tJiey are flat. And some, indeed, as the Llano 
Estacado of Texas, are aa level aa the pmiries. 
Qenerally, however, ilmy prenent a surface highly 
diversified. Great mountains are often piled up 
upon them. 

The plateau ol Thibet consists of grassy plains 
and wide basins, often containing large lakes, en- 
girdled by ranges of gigantic snow-clad mountains. 

The aspect presented also by the great plat«au 
lying between the Rocky Mountains and the Si- 
erra Nevada in our own country, is that of a vast 
uplifted mass from which the mountains rise; 
while the plateau of Titieaea, in South America, 
with the towering peaks of the Andes embosoming 
its upland hike, singularly resembles the plateau 
of Thibet. 

In elevation plateaus vary greatly. Low pla- 
teaus, like the desert of Sahara, are from 1,000 to 
3,000 feet in height. The loftiest in the world are 
those of Thibet, 10,000 to 15,000 feet high, and 
Titicaca, about 12,000. 

Plateaus unproductive. — The plateau regions of 
the world are for the most part unproductive. 
Many of them are absolute deserts, Henco few 
plateaus have ever become centres of popula- 
tion and power. It is interesting, however, to ob- 
Bcrve that the table-lands of Mexico, Peru, Titicaca 
and Thibet have each been the seat of a ciriliza- 
tion peculiarly its own. 

The desert plateaus have undoubtedly their [inrt to piT- 
fbtra in Iho economy of nature They are not wastes in the 
MUM of being wasted or useless areas. Their effect upon 
tlie rainfnll and it£ dialributinn is most importanl. H will 
Ik more fiiUy consirlcrorl when we iroat of tin- moisHire of 
111.' air. [Sw p. Wt.J 



6', Mountains are elevations rising above the 
general level of the land to the height of 2,000 
feet or more. Sometimes they stand singly, like 
Etna or Vesuvius, but are generally joined one to 
another and form a connected series. Such a series 
is called a mountain chain or range. The top of 
the chain is called the creel. 

Mountain chains are seldom solitary. TJsnallj 
two or more are parallel, or nearly parallel, with 
one another, forming what is called a mountain 
tystem. The Andes, the Alps, and the Appa- 
Jachiam ai'C examples. In all of these there ia 
not simply one long lineof mountains, bnt a num- 
ber of associated and nearly parallel ranges, 

The FoRaATiON of Mountains is a subject 
wliich projHjrIy belongs to geology. It is gener- 
ally considered that mountains have been formed 
mainly by two processes : (1) what is commonly 
called the crumpling of the surface of the earth ; 
(2) the action of volcanic vents. The latter of 
these has already been suflBciently discussed in 
treating of the formation of volcanic cones. [Seep. 
15,] The former recpiires some explanation, since 
the great mountain systems of the world arc 
thought to be due to it. 

The crumpling or folding procees. — Suppose tho 
earth to have been at some period of its long pa«t 
history a heated mass. The heat subsides. The 
outside, of course, cools before the interior, and 
becomes a spherical crust, while tlie parts tmdm 
neath are still heated and form a pasty spheT 
This in its turn cools. In doing bo it contra 
What is the consequence ? Some portions of t 
solid crust fall la toward the centn.' uf the cartfl 




In this process the cmst must obviously be en 
pled or folded somewhat like the skin of a bain 
apple, so as tube packed into the diminished api" 
The diagram will perhaps serve to convey a 
of this. 

Two cases may occur ! (1) if the strata, when depr 
are in a plaslic state, there will be a simple JIf*uM or 
iiig at the polntu, a a: (3i if the strata are (luiU cooled, t 
(here mayarise a^ciure at the same points. The for 
case may be compared to the bending of a piece of wlM 
boneorast«el sprinfc. the latter to the bending of a [ 
of wood or iron. It is obvious that the one process wiB gl 
rounded tops l.i the mountains, the ulher wi" 
juggcil peaka and sharp ridges. 
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7. Valleys are deproasions through which usu- 
ally water-courses mn. Every tnouutain ninge is 
inicfHected by vaUeys, and every uiountain-syBtem 
liuB valleys separating its ]>!inillel ranges. The 
valleya intersecting ranges are called trunsverae. 
Those Ijn'ng between paruUel ningcs, and having 
tlierefore tliu same general direction, are called 
longitudinal. 

The formation of mountain valleya ia due to the 
upheavuls and depressions which have disturbed 
the Burfuce of the earth in the nianucr indicated in 
piiragrapli C, prcvious page. The formation of viil- 
leys is really a pari; of the folding protesa by which 
mountains are formed. The action of running 
■water has, of coursL', widened and deepened them. 




Valleys traversing plains and plateaus have been 
formed by the erosive action of water. Of such 
viiUcya tlie most extraordinary in the world are 
the cations of onr western rivers. 

Thnt 'if Mie (■olorado U« (torgp shiit in bj- Hlni'isl puriH'ti- 
aiciiUr walls ol rwk. It. isfnmi 8.000 to 6.0O0 fpct in acpih, 
anil 3U0 miles lung. The eafiuns aru niiiong (lit- nnwl ini- 
prc-jrfvo cvWencM of l\m »j[e of uur cRith. ilumliviln of 
thuuMindB of fimr* woulil be u brief prrioil fur p«r(orriiin(.' 
the worlc uf wearing nway the wilid roek by running woler 
tu Ilie iliiiJili uf muN ttum a mile. 



Transverse valleys render it possible to cross the 
lofty mountain ranges. Human ingenuity and in- 
dustry have improved these natural courses of 
travel, or ^lassM, as they are called, and some of 
them have been made marvels of engineering skilL 
The Simplon, St. Bernard, and the St. Oothard, 
crossing the Alps, are among the most noted. The 
Alpine tunnels have, to a large extent, taken the 
place of the passes. 

8. Causes and Effects of Relief,!— 

Few topics connected with Physical Geography 
have greater interest than the questions, how were 
the elevations of the earth produced, and, of what 
nse are they in the terrestrial macliinery. 

Causes. — What precisely may have been the 
causes of the general elevation of the continents, 
we cannot with certainty tell. On the principle 
that like effects are due to like causes, we should 
conclude that ainiiiur forces produced the general 
elevation as those to which we refer the formation 
of mountains. Whatever may be our conclusion on 
this ]>oint, it is clear that there have been forces 
at work for imtold ages, silently and gently, but 
steadily raising some ]>ortionB of tho earth's sur- 
face, and depressing others. 

In many cases it is evident that not only low- 
lands such as the Mississippi Valley, but even 
mountain tops, were once at the bottom of the sea. 
Korwayand Sweden, with the Scandinavian moun- 
tains, are rising at the rate of 2i to 6 feet in a cen- 
tury. On one of the monntaina of Wales ia on 
uneiont sea-beach elevated 1,300 feet above the 
present shore. 

On the other hand many jmrts of what is now 
the ocean floor were once dry land. Greenland ia 
gradually sinking. 

There is reason to believe that all that j>art of 
the Pacific Ocean, embracing an urea of sevenii- 
millions of wiuare miles, which so abounds in coral 
reefs, is gradually aubsiding. 

Effects, — The elevntions of the earth's surface, 
though in one sense insigniScant, are properly to 
bo regarded as imporlanl regii/alors of cfiinaie. 
Not many hundred feet added to the relief of a 
country would snRice to alter its physical aspects 
entirely, converting vineyards into pasture lands, 
or pasture lands into regions of perpetual snow. 
Reverse changes would result from a corresponding 
diminution in the average elevation. [See p. Ti.] 

Again: Rdicfh the great regnUitur of dniinage. 
If the surface of the earth had been a dead level, 
without a hill to embellish the landscape, there 
would have been no water-courses. The whole laud 
would have been one brt>ad marsh incapable ot 
drainage, and unsuited for human occupation. 
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XoTE. — Tbe rcUct mnpa »n3 profile wcttons accompBlifrnK 
will br found wry UMful. Tbclr rXBiuinitlui: 
lion with the text irlll wrve Ici Imi'ren U|)oti the mlnila ot U>e 
jiuplU ibe conipicDous featares vl cunllneiiril relief. 

TliebeBTy black line* ujhid the maps represent, In • genenl ■ '| 
BBj, the extent and direction 0/ the niountnln chains. Tha »I 

id dcprcs&louR arc shown Id the profile mcIIodh. ' 
are ludlesled tlw by the hiiff siid green colon 01 _ 

Tlie bull, iccordlai; to Ibi: depth ot Its lint. reprcseuUelevAliona 
ol greiter or less altitude, 'i'bc green iudlcUiss lowlmods. 

North America. 



J. Xortli America conforms TeryJ 
cloBely to tlip general principles of 1 
continental relief. It has a pri- 
mm' highland, u tiecoudary high- 
lund, and a great central dcprc»- 
sioiL 

2. PacifioMtgMana^-T 

primary elevation of North Amq 

ica ia the vast area known a 
Pacific Highland. It consists, I 
genera], of a high plateau fro 
which rise the Rocky ^[otiutaina 
and the pandlel Sierra Nevada and 
Cascn lie ranges. Tbe plateau v 
in breadth from 300 to 600 mileB. 
The general elevation incrraaea 
toward the sonth. On the Arctic 
ehorcs it in 800 feet above the sea i:-i 
in Afexico it is more than 8,000. 

The Rocky Mount aik Sti 
is composed of several nearly paral' I 
lei ranges which form the main I 
axiij of the continent. It embmcQftJ 
also numerous Intersecting era 
raugea. The eyatem extends tronM 
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the Arctic Ocean to the IsthmuB of Panama, the 
Sierra Madre range of Mexico being regarded aa 
the southern prolongation. 

From Iho plateau upon which the mountains 
stand thoy do not attain a height of more than 
6,000 to 8,000 feet, but when it is remembered 
that the plateau itself is 5,000 or 6,000 feet high, 
it will be seen that their actual elevation above the 
aca-levei ia as much ub 12,000 or 14,000 feet. Their 
loftiest peaks are about 15,000 feet high. 

The Sierra Ne- l^^ 
VADA AND Cas- 
cade Mountains 
follow, in general. 
the line of tlie Pacific coast. They form the west- 
wnnl wall or buttress of the great plateau. In alti- 
tude they resemble the Bocky Mountains. Their 
loftiest peak is Mount St. Elias, 19,500 feet high. 

The It'W Conat Rang*? Etretchea along the shores of tlie 
Facifle t«twcen Cape St. Lucns and Vancouver's Island. 

3, The Seronda ry Hi ffhl and ot the con- 

tiuent comprises the A]>pulachian mountain-system ■■ 

and the plateau of Labrador. These extend from I 

Lalirndor nearly to the » 

Gulf of Mexico. Tho |j*^''"j{*^°'"°*°' 

Appalachian Mo 

tains in their nort 

em courfie consist 

numlicrof disconnect- pectioh or tnvta mti 

ed groiii)s. To the southward they are composed 



One slopes to the north and drains off the waters 
into the Arctic Ocean and Hudson Bay, the other 
inclines toward the south, and drains into the Oulf 
of Mexico. 

South America. 

1. The general /rat ure« of South America 
are similar to those of North America. Tlie pri- 
mary elevation of the continent lies along itd 

western border. 
Secondary high- 
lands are found 
toward the eastern 
coast. Central 
plains lie between the primary and secondary high- 
lands. 

2. The Pritnarj/ Highland of the conti- 
nent is formed by the Andes, the grandest mountain 
system of tiie western hemisphere. It stretches 
from the Isthmus of Panama all along the western 
edge of tho continent down to Cape Horn, a dis- 
tance equal to one-sixth the circumference of tho 
earth. The Bocky Mountains of North America 

may be appropriately 
regarded as its north- 
ern prolongation. 



^ 



of sevei-ul well marked and nearly parallel ranges. 
The general elevation is not more than abont 

a.lJOd feef above the sea, but the loftiest peaks are 
r (i.OdO feet high 



1 Mountiiiiis the land dt-- 



The Andes are re- 
r* moH KA.I TO wwT, markable for the con- 

tinuity of their height, for their regularity of form, 
and for their system of parallel chains. In the 
southern portion they consist of a single chain ; 
in the central ])art mainly of two nearly parallel 
chains ; and in the north of three. Eight times 
these jmrallti! tliitiim gather into mountuiii knots. 



From the AppaUichi; 
scends gradually tu a 
low, narrow coast 
plain known as the 
" tide water" region. 

4. The Central 
Ref/toti between the 
primary and second- 
ary highlands is called 
the Great Central 
Plain. It is a well 
marked dejin 
tending from (he Arr - 
tic Ocean to the Culf 
nt Mexico. 

The Height of 
Land, a narrow ridge 
crossing it from east 

to west, having an elevation of from 1,000 to I and, again separating, enclose valleys and tabl©- 
2,000 feet, divides it into two distinct portions. I lands wonderful in height and extent. 
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Of these table-lands the broadest and higbest is 
tbat of Bolivia. 

Faeeing northward we observe the lofty crest of 
this imposing syBtem crowned with hundreds of 
enow-capped jwaks, and stndded with smoking vol- 
canoes, all tlie way from the Desert of Atacama to 
the centre of the United States of Colombia. In 
the whole of this dietaQce of nearly three thousand 
miles, there is not a gap or a pass below the height 
«f 11,500 feet. Twenty peats attain a height of 
more than 19,000 feet, and the average elevation 
is estiniuted by Humboldt iit 11.840 feet. 

Verj' imi'ortant 
in its bearing npon 
the physical geog- 
raphy of the conti- 
nent is the singular 
proximity of the 
Andes to the west- 
ern coast. Their 
greatest distance 
from it is about 80 
miles. 

S.TheSeconft- 
nrj/ HighiamlH 

of South America 
are those of Brazil 




The Brazilian 
Highland is a broad 
plateau region trav- 
ersed by nearly 
))arallel ranges of 
moderate elevation. 
Their loftiest peaks 
are from 5,000 to 
10,000 feet high. 

The JTighUml of 
Guiana is a plateau 
supporting several 
closely-set ridges. 
the most important 
of which are tlie 
Parime Mountains. 
Maravaca, the culminulitig pci 
feet high. 



4, The Central Region, of the continent, 

like that of North America, is a well-marked de- 
p]-ession lymg between the primary and secondary 
highlands. It is called the Great Central Plain. 
It consists i>f the river-basins of the Orinoco, the 
Amazon, and the La Plata. These are dinded by 
ridges so low and so narrow tbat the three together 
may not unfairly be considered as farming one 
great basin. 



The following curious facts will show how nearir alike 
their level acUially is. The CaEsiquiare, which rises between 
the Amazon and the Orincx^o, forks, utter running some dis- 
Isnce, anil sends off one branch to the soulh to unite wilt 
the waters of the Amazon, llic other to unite with tho»« ot 
theOrinoco on the norlh: it thus connects these two river- 
basins by a. water-way that penntis the Indiana to pass in 
their canoes from either of the two great rivers int<i lh« 

Furthermore, in the Brazilian pro nice of Malto Grc 
there are two springs side bjr side, and wilhin a (ew feel tt 
each other. From one Ibe water flows inio Ihc Am 
from the other inio the La I'lnta ; and so close are the 
ipdile waters ot ihese rivers to rath (ilhcr, that, with 

gle portage of a few 
miles, the voyager. *s- 
i'<<ndiiig the La Plata 
from Ihe wa. may re- 
turn to the ocean again, 
either Ibmugh 
A [nazon or the OriuocOk _ 



Europe. 

1. Europe, lik^ 
Xorth America utu 
kSouth America, hn| 
its primary 
secondary highJ 
lands and its loif 
plain ; but the an 
rangement of thes 
ft-atures is differeuj 
from that whicfl 
prevails in the Xei|| 
World. Two 
viuuB difTereuces 
])re6ent themselves : 
(1) the main axi8of_ 
elevation extencl| 
cast and west, 
like the Andes am 
Rocky Mountain^ 
north and eouthj 
{■I) the mountd 
chains have not tiH 
same well-marke( 
parallelism 
World. 



3. Tite Primary Highland of Eurc 

stretches all through the southeni portion of tin 
continent, from the Atlantic to the Black Sea, am 
we may say, regarding the Caucasus as its easterl 
prolongation, that it reaches the shores of 1 
Caspian. 

Beginning with the Pj'renecs, as its wea 
minution, it culminates in the Aljis. Eastward o 
the Alps it throws out two important branches, tl« 
Carpathians to the north, and the Balkans to t~ 



sorxH 

AMERICA 



learly 10,000 i shown by those of the Nc 
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wath. These, with tlie Dinaric Alps, cncloge tfao 
baein of the Dannbe. In addition to these ranges 
the Ajiennineaof Italy and the monn tains of Greece 
are included as parts of the primary syat^m. 

The Alps are the most celebrated of all the 
mountain-sy sterna in the world. Their historic 
and puotieal associations ; tlic grandeur and beauty 
of their varied 
scenery; the 
number andex- 
tent of their 
glaciers, and 
their access! bil< 
ity to travellers, 
invest them with an interest unrivalled by the 
loftiest summits of other lauds. 

Occupying a central position between France 
and Germany on the north, and Italy on the south, 
they can be reached in a few houra from any of 
the great cities of Euroj*. Owing to their varied 
attractions they are visited by so many thousands 
annually, that they have been called, not inappro- 
priately, " the play-ground of Europe-" 




Now and then a multering like diiitant thunder maf be 
caught, as eoiub looseoed mass at enov or toe falls with 
a crash into the rNllsTs ; or tho wind brings up from below 
in Htful gusts the murmur of the streams which wander 
down the distant valleys," 

The higliest peaks of the Alpine system are 
Mont Blanc, 15,784 feet, Monte Rosa. 15,223 feet, 
and the )Iatt«rhuru, 14,780. 

The Alps are 
destitute of ac- 
tive volcanoes. 
The I'yretiees 
^^^^^^^^^^^ t»m PimU I'resent a much 
^^^^^^^^^^^^^"^"^""^ greater uni- 
formity of ar- 
riingemeut than the Al]is. Their average lieight 
(8,000 feet) is not greatly inferior to that of 
the Alps (8,000 to 9,000 fe€t) ; but their highest 
peak. Mount Maladetta, ll,lfi7 feet, is far below 
the towering masses of Mont Blanc and Monto 
Rosa. Tho passes of the Pyrenees, however, are 
Iiighcr and le^s practicable than those of the Alj)s. 
The Carpathians separate the pluina of Hun- 
garv from the great low plain of the continent. 
Their greatest 




" jVs we climb the Alpc." says a distinguisbed «cientifla 
writer, " Deak rises liehind piiak, orcsl above cresl. with infi- 
nite variety of outline, and with a wild grniideur whirb often 
sHggestB the tossing and (uaiiiing brt'nkers of n slormy 
ocean. Over all llic Kenn, it Ihc air lie cMJin, thcff l>nxKl» 
a stillness which niakcs the majesty iif the moHiitniii? yd 
more iiDpreeuve. Mo hnm of tiee or twitter of iiird is tieanl 
so high. No bnwit or waterfall exists niniil lho»e snowy 
beigbla, Tha MiuU Muiul* of Um Idwat ground haveG««8ed. 



Penissvlas. 
— High Europe 
throws out three 
mountainous 
projections to- 
wardBthesouth: 
the Iberian or 
Spanish Penin- 
sula on tho west, tiie Italian in the centre, and 
the Grecian on the east. 

The Jherian or Spanish F^itimila is a eTeal pUtpBU ?ur. 
tnountcd by nevpntl parallel ranges. Tlie Pyrenees, which 
Bre llic iirini.'i]ml uf these, forni the dividing line between 
Fran<-t rind Spain. 

In the IMiitn PenhtsiJa we And the Apennines, an im- 
portaiil pnilaugaliou of Lbe Alpine syuum. These im m 
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■famed for their beaut<r thnn for their sltitude. The toIpb' 
DO«s ot Vesuvius, Etna, and llie l.iparl Islands, are consid- 
ered as belonging to this chain. 

The Grecian Pfninsiila, like Ihe Itnlian, boasts o( no very 
elevated ranges. Ita mountains ara famed less for their 
height than for their hLsloric and poetic assiieiations. Thiry 
were the mythic homes of thegnds of ancient Greece. The 
throne of Jupiler rested on Mount Olympus. Tlio Balkans 
are the most important rnngc. Thejr have an average ele- 
vation o( about 5,000 fci>t. 
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3. The Seroiida/'f/ Highlands comprise 

the ranges of Scaniliniivia and the Ural mountains, 
together witli others of less ini|iortanco. 





The Scandinariait nioiiiituins consist, for the 
most jjart, of a broad elevated region, intersected 
by deep and gloomy valleje. Some of these 



J 
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"fiords," as they are called, are thousands of feet 
in depth, and penetrate far into the country. One 
of them is 100 miles in length. 

The Ural mountains form a natural bound) 
between Europe and Asia. They extend souti 
ward, 1,200 miles, from the Arctic Ocean near! 
to the Caspian Sea. 

4:, Low Europe consists of a vast plain lying 
northeast of the primary highland. It is bordered 
on the northwest by the mountains of Scandirutvia, 
and on the northeast hy the Uru) range. It ox- 
t*'nds from the Arctic Ocean to the Blaclt Sea, and 
westward as far as the Bay of Biscay. 

The Valdai Hills, near tlic centre of the plain, 
mark the highest point of a swell which eeparatav. 
the rivers flowing into the Baltic and White 
from those which enter the Black and the Caspii 

Asia. 

t, Asia, like Europe, may be divided into tWflfl 
grand sections. High Asia and Low Asia. As i 
the case of Europe, the highlands lie to the south ;j| 

the great low region to the north.' 

2. The Pi-tnint'y HlffhUnxl of the con- 
tinent consists of two portions: (L) the Tariooi 
mountain cliains which radiate from the oentn 
elevated region known as the Plateau ofPamir^ 
and (2), the Plateau of Thibet. 

The Pamir is called hy the Asiatics the "roof 1 
of the world." In shape it may be regarded as aiS« 
irregular square. From three of its corners g 
chains project. The soutlicast corner is the start 
ing point of the great ridges of the Himalaya, tb 
Knrakorum, and Kuenluu. From the northeai 
era coraer the Thian Shan range takes its origin 
Prom the southwestern starts the line of the Hu)<g 
doo Koosh. 

The Plateau of Tlitbet lies between the Him 
alayas on the south, and the Knentun mountuini 
on the north. It is the loftiest table-land in 
world, having an extreme elevation of about 15,0 
feet. 

'^lE Himalayan Range stretches eastwai 
from the Pamir in an unbroken course, for a dlk^ 
tanco of 1,500 miles. Its breadth varies -J 
150 to 350 miles, and its mean height has 1 
estimated at G,000 feet higher than that of i 
Andes. Over forty of its ]>eaks rise to an oltitudi 
of 23,000 feet, and more than 120 reach 20,0 
feet. Muunt Everest, with an elevation o/&9,i 
feet, ts. 80 far as known, Ike highest mountain a 
the globe. 

The niraalayas present the grandest possible mounta 
scenery; deep gorgea wrapt in perpetual twilight gloOMtd 
frightful precipices ; sombre forests of rhododendrons m 
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pine trees ; higher up, Tast glaciers filling the 

w covering the ridges which rise one >bovo an- 
other to such Eublimo heightii as must ever secure thoirauin- 
iculate from the footsteps of man, Everything is 
i'dIdgsbI; but the Jlimalafas lack the Bmiling vitUeysand 
sheltered lakes which impart such pictoresquii chann to the 
Alfis. They possess the grandeur without the amenity, the 
niagniSi 

variety, 
wliicii mark the less 
eleraled European 

The Passt^ of Ihe 
Himalayas, instead 
of leading Ihroiigh 

low gaps and over gentle declivities, rise np Int« the reginri 
of perpetuul enow and ice, and are bo difflcult as to be oi 
Utile aviiil (or the purposes of commerce between Ihi: people 
on the opposite aidea. They are on an average 10,00(1 feet 
Mghvr than those of the Alps, and nearly 4,000 feel higher 
ihan those of Ihe Andes. We cannot be surprised that In- 
dia and Siberia nre practically further removed from each 
other than if Ihey were separated by 
[he opposite sh\ica of the Uiinaluyas are occupied by 
different 



'J'lio Kuenlun range separates Thibet and East- 
em Turkestan, and is prolonged by the Chinese 
ninge of the Peling mountains. The Thian Shan 

range forms the northern Iwimdarj of tlie plateau 
of Easteni Turkeetan. Some of its peaks attain 
the height of 20,000 feet. 
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^^H the shares of the Red Sea nearly to the Pacific 
^^H Ocean. In general th^y are arid and ntinleea^ 
^^H sandy, stony, and barren. In the spring the eiir- 
^^V face ia thinly sprinkled here and there witli grass 
^^^ and herbs, hut in the summer and autumn it is, fur 
^^K the most part, drj' and sterile. 
^^H The sheltered valleys are, howcTer, in many cases 
^^^B exceedingly fertile. In such valleys there isaset- 
^^^K tied population, but outside of them the ]i]at«ati 
^^^1 region may be described as the home of roving 
^^^1 herdsmen and marauding Bedouin. 
^^^ North of the Kuenlun mountsins are two plaleaus, Eastern 

Turkcilan and the Zhaert of Oolii. These are shut in an 
the north lir the Thian Shnn and Altai mountains. The 
avenge uleiivticin of Eastern Turkestan is uboul 2,000 feet 

IaboTu the Boa-Jovel: tbnl n[ Oobi dIhiiu 4.000 fi'et. Knler- 
iiig Gobi fivijii Thilifl, ne shonld ilewi-nj n.-wly IP.OOO 
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The Iriangnlar plateau of the Dtcean in India rises to 
ILe Hveragc height of about 8,000 feot. The sides of the 
triangle are the Eastern Ghauta. the Western Ghauts, iind 
on the north the Vindhya inoimtain». 

The platoau of Iran or Persia, induding large portions of 
Afghanistan and Belooehistan, Is shut in by the Elbnrz 
and Hindoo Kooeh mi)iiiitains on the north, bj the Zagros 
ehain oo tbo south, and the Suleiman on the east. It rises 
from 8,000 In 4.000 feet above the sea-level. 

The plateau of Armtnia.mltt Ararat (about IT.OOOfeet high) 
for its culminating point, rises to the westward of Persia. 

The plateau of Atia Minor lies westward of that of Ar- 
menia. It has an average elevatfoD of 2,300 feet. The 
Taurua ranges bound it on the sonth. 



extends through Europe and Asia, tiom the North Sn Ih 
Berin); .Strait, n distaniv of Diore than 5,000 miles. 

The Kirghii SUppts are wide and mMiivu*- 
nous tracts, covurwl in spring with rough gmt, 
desert in summer, and bleak iind deeolatv ii 
winter, 

Tlie Siberinn Plain consists of pmiriee and 
piny forests in its southern portioiiB ; of awanijl] 
tundras on its northern edges. 

Inferior in she to the Siberian fflain, but ractlf 
more important for their influeucp npon (he hi*, 
tory of the human race, are the piaine of ChiU 
and India. Tiiey support nearly oue-li&lf thi 
population of tin? globe. 

.V remarkable itepressiou is found on this coDtf 
nent. It is occupied by the Dead Sen, the surfaoi 
of which is 1,300 feet below the level of the ocean. 
That of the CaHi)iau is S4 feet below. 

Africa. 

J. The Cotitt nent of Atucaohejs quite cloeO' 
ly the general law of continental stnictnre. It has 
mountain ranges along the coast, while a plateau 
region of less elevation occupies the interior. 

3. T/ie Prltnarff Highlnnd is in the 

east. It cousifits of an elevated region which ex- 
tends all the way from the Isthmus of Suez to the 
Cape of Good Hope. One important portion of it, 
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be conaidered as vast terraces aBcending from the Bome of w)iich are 100 feet below sea level. They 
sea toward the interior. I are marsliy regions known as chottps {s/iu/.i). 

3. Tfie Secondary HSfjli- 
Itinds include the ranges wliiuli 
border the northern and western 
coasts. The Atlas mountains on 
the north consist of three or four 
parallel ranges which uBceud from 
the Mediterranean stage by stage, 
and increase in height to the 
westward. 

The Kong and Cameroons 
mountains are the principal 
ranges on the west. The latter 
are volcanic. They attain at some 
points the height of 13,000 feet. 

4. Hie Interior oi ihoQou- 

tinent may be regarded as a vast 
plateau bordered by the various 
coast ranges. Low plains are to 
be found only along the coast. 

The plateau region may be 
divided into two sections: (I) that 
jmrtion which consists of prairies 
and fertile river basins ; and {i) 
the arid Sahara. 

The Sahara stretches en<i 
and west 3,000 miles, north aiul i^outlj. 
ering an area of 'i\ millions of square u 
not an absolute leveL Its average elevation is about of shifting sauil. This last is driven before the 




The surface oE the desert consists, in some jilaces, 
I of sharp stones, in others of gravel, in others again 



I feet, but it contains areas which are 4,000 
5,000 feet in heigiit, and has a mountaiu I 



uil arranged like long, huge billows of the 
Hero and Miere are fertile spots called nasts. 




Australia. 

J. Australia resembles Africa in 
conforming to the general law of 
continental relief. It has an elevated 
border and a depressed interior. 

The Primary Highland lies along 

the eastern and southeastern shores. 

It culminates in the Australian Alps. 

the loftiest peaks of which are about 

, , c 7,000 feet high. 

al / The Secondary Highland, bonler- 

J I ing the western and northwestern 

*" edgesof the continent, has au average 

elevation of 2,000 to 3,000 feet. 

Of the Central Lowland only 
small j)ortious, such as the basins 
of the Darling and Murray rivers, 
are well known. Large areas are 
believed to be desert. A character- 
range one of "hose peaks is nearly 8,000 feet I istic feature of the lowland is its inland salt lakes, 
H';u'd of Tuuis are found depressions 1 soTcral of which are more than 100 miles iu. kcj^^. 
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TOPICAL ANALYSIS. 

III. REUEF FORMS OP THS CONTINENTS. 

General Featnret of Continental Belief. 

Location of axial line. Central depressions. 

Korth America. 

1. Otneral Features, 

2. Pacyie IligAland. Description. Rocky mountain 
system. Sierra Nevada and Cascade mountains. 
Coast range. 

3. The Secortdary ing/iland. Description. ** Tide- 
water** region. 

4. CetUfxU Region, Description. Height of land. 

Sonth Amerioa. 

1. Gtneral Featuret. 

2. Pritnary Highland, Location. The Andes. Re- 
markable features. Elevation. 

3. Secondary Highlands. Brazilian Highland. Guiana 
Highland. 

4. Central Region, Consists of what ? 

Europe. 

1. General Features, as compared with those of the 
American continents. 

2. 7%« Pritnary Highland. Location. Principal 
ranges. The Alps. Circumstances which make 
them celebrated. The Pyrenees. Carpathians. 
Caucasus range. Peninsulas ; Iberian, Italian 
and Grecian. 

3. Secondary Highlands. Scandinavian mountains. 
Ural. 

4. Low Europe. 

Alia. 

1. General Features. 

2. The Prifnary Highland. Divisions. Plateau of 
Thibet. Himalayan range. Grandeur of its scen- 
ery. Passes. Karakorum. Kuenlun. Thian 
Shan, and Hindoo Koosh ranges. 

3. Secondary Highlands. Consist of what ? Plateaus 
of Asia, extent and barrenness of. Saltern Tur- 
kestan. Desert of Gobi. Dcccaii. Iran. Armenia. 
Asia Minor. Arabia. 

4. The Great Lowland. Location. Kirghiz Steppe?. 
The Siberian plain. Plains of China and India. 
Dead Sea region. 

AfHoa. 

1. Correspondence to the general law. 

2. Primary Hlghlaml. Location. Extent. 

3. Secondary Highlands, include what ? 

4. The interior. Divisions. The Sahara. 

Australia. 

1. Conformity to the general law. 
Primary Highland. 
Secondary Highland. 
Central Lowland. 

Te?t Questions. -Considering Europe and Asia as one continent, 
whore would be the central depression ? Do you know anything re- 
ninrkable about It ? 

IV. ISLANDS. 

7. Classiflcation, — A portion of the dry land 
consists of islands. These are divided into two 
general classes^ continental and oceanic islands. 



2. Continental IslandSy as the name im- 
plieSy are situated near the continents, and in 
earlier periods of the world's history many of them 
doubtless actually formed parts of the continents. 
This conclusion is based upon the resemblances 
that exist between the islands and continents in 
their rocks and soils, and in their vegetable and 
animal productions. 

From the fact, for example, that in past geological peri- 
ods the same animals lived in Great Britain as in Europe, 
geologists are convinced that Great Britain and the adja- 
cent islands were originally connected with the European 
continent. 

Continental islands are usually arranged either 
in a line parallel to the coast of tlie continent, 
or upon a line which may be fairly regarded as a 
continuation of the continental coast line. The 
Japanese Islands illustrate well the parallel ar- 
rangement ; the West Indies and Sunda Islands 
are arranged upon lines which may properly be re- 
garded as prolongations of the eastern shores of 
North America and Asia respectively. [See map, 
p. 24] 

3. Oceanic Islands are situated in mid- 
ocean, far away from the continents. They are 
arranged sometimes in lines, sometimes in groups 
of irregular shape. They are strikingly unlike the 
continental islands. These latter are made up of 
the same rocks as the continents. The oceanic 
islands are not. They are composed either of vol- 
canic products or of coral. In regard to forma- 
tion, oceanic islands are, therefore, of two kinds, 
volcanic and corah 

4. Volcanic Islands are arranged, as a 
rule, along the great bands or belts of volcanic ac- 
tivity which traverse the globe. 

Most of them are found within the volcanic 
belts of the Pacific and the Atlantic. [See p. 18.] 
There are, however, exceptions to this general rule, 
many volcanic islands being situated quite irregu- 
larly. It is curious that the volcanoes upon islands 
in the Pacific belt are among the most active in 
the world ; those in the Atlantic belt are either ex- 
tinct, or are bordering on extinction. 

Formation. — Volcanic islands are formed by 
the accumulation of materials thrown out by sub- 
marine volcanoes. Sometimes such islands are 
formed very suddenly, as in the case of Graham 
Island, in 1831, and of one off the Island of San- 
torini, in the Mediterranean, in 1866. [See p. 15.] 

In elevation above the sea-level, volcanic islands, 
owing to the method of their formation, are natu- 
rally far higher than those of coral origin. Some, 
like the Sandwich Islands, attain an altitude of 
many thousand feet 



S. Coral Islands, — Multi- 
tudes of islands are mainly com- 
posed of coral, and hence are called 
coral islands. They are formed 
chiefly by the agency of coraJ polypg, 
but partly by tlmt of the waves. 

The Coral Polyp. — The polyps 
themBelves must first be described, 
bof ore wecan rightly appreciate their 
work. There are many different 
species (for the general appearance 
of which see cut on p. 40). but we 
need to concern oui'sdveB only about 
the roef-building polypa. Of these 
there are various kinds. The cut 
rcproBenta a piece of coral crowned 
with a colony uf tiny laborers, 

DescBtpnoN. — The numerous rays which 
project from the polypsiitecalleil tentacles. 
They are so maiif little (ana whicli the 
polyp moves, so aa to draw a current at 
water towards his mouth. The mouth is 
represented in the tut by a slit in the ten- 
tre of the rays. The body ot each polyp 
is in a little pocket, or hole, in the sub- 
stance of the coral. It consists ol an outer 
suck containing an inner sack, this latter 
being the stomach. In the open space be- 
tween these two, the bony part of the skel- 
eton o( the polyp is formed. It m liiue- 
slonc, and is separated by the polyp from 
(he sea-water which is continuously sup- 
jilied by the movements of the tentacles. 

Then again, although we may consider each polyp as an 
individual, like a single bee or ant, it is to be observed that 
the members o( such a colony as is shown in the cut are 
not altogether inde[)endcnt. A common fleshy substance 
eitenda from one to the other, and Ihisacts as the individual 
polyps do. Like them it separates limestone from the sea- 
water, and makes out of it a sort of common skeleton. With 





this the BkelettjTis of all the polyps sre united so that they 
form one denne roek-like muss. This substance is known 

The life of the iudividital ixilyp In brief, liut the colony 



endures (or ages. As rapidly as individuals die, others take 
their place. Young polj'ps octually shoot like buds out ot 
the substance of the older ones, and, besides this, addi- 
tional multitudes are batched from eggs. One vast host of 
workers then deposits its layer of limestone, nnd passes out 
of existence. Another and another succeeds, and thus coral 
grows and rocky columns rise through (he waves to become 
the supports of coral islands. 

WOEK OF THE POLYP. — Let ua 

now consider what we may term the 
life-work of the polj-p. It consists 
in the building of reef i. 

Coral reefs may be classed as (I) 
fringing reefs; (2) barrier reefs; 
(3) atolls. 

Fringing reefs are bands of coral 
rising a few feet above the water, 
and surrounding islands or skirting 
the shores of continents. The bil- 
lows dash themselvea into spray on 
these reefs, but leave the water on 
the inside as smooth as a mill-|)ond. 
Barrier reefs are the same as 
fringing reefs, only that they are further removed 
from the land. Some uf them are only a few miles 
in circumference, others are several hundred. 




Tlw fnal bafTl«r net of Aiuir»lia b 1,300 miles long. 
Tlw UUnd tit Xr* Calodoiil* uhI ■iuo)' olhvn are protected 
tnrn tin *■■ bf *iRi)ki rwb. 

An fl/«H ]« a r*cf from within which an JMknd, 
unw cni-irek-d, haa dimippc-Hri-d. It euiiKi«be, tlicre- 
fi(r«, of n hell ur Mtiip of curul cncloi-iiig uti ex- 
{wnw wf wuUt. The waUT tlm* i-iicluM.-d is called 
a loffdf/n. 

At<j|li aro uiaaDy nearly oval or circular, but 
III nutiiy ciuutH tlit-y arc cjuito irrcgnliir in Bha)>c. 
feiuiDGtinicR, aa in tlio case of ^Vh]t4landay Island, 
thoy are complete rings ; bnt moat frequently, on 




the aldii ii'it. <ii|)ii«od l<i tint |irornl1ing winils, than 
nm una or in»rt! hriiuli*, 

Tti* at^'IU ure a1tri>Ht liiiiuiDnralila. Thpr» nru nonrly a 
liuiidml »f Ilium In ihi> Iiiuip>niu* Ar<'hl[»UKd> wliiih lira 
bi tlu) wmlwanl at 'VMM 'I'll*; nrv iiol mure tbaD hnit a 
militaiiniM, tn-in Ibn ■bk (o tha luipxin. In th^lr higbcst 
{Hft* titi'y iiiK •iiilr tt few fent iihi'vn tlie walori Bill) Ihey re- 
■tM llin iiHii.mi fury u( llm w^viw. Thvy qw Ibleklx covpiwl 

*Ub VFIVtUtlUU. 



WOHK OF THE Waves.— When the polyps hftvl 
reared their wondrous etructure np to the level of 
low water, they have finished their part in the 
furmutiun of the coral island. Xow follows the 
work of the wavea. They break off portions of 
the coral growth. They next sweep these portions 
into a ridge, just as the sand is swept np on the 
sea-shore. The ridge, heaped nj) by Bucceeeire 
uilditions of broken coral, finally becomes so high 
that it overtops the waves, and an island is formed. 

Tlie next stage is theajipearance of vegetable Iti 
Flouting wood lodges among the coral fragmenti 
It decays and forms mould. Seeds, such as c 
nuts, not injured by salt water, are wafted to thl 
new-bom islet ; others may be carried thither by 
birds. Under the stimulus of a tropical snn they 
grow, and in process of time deck the dead c 
muss with living green. 

The bread-fruit and cocoa-palm are the i 
important of tlic forms of plant-life that flouri 
upon the coral islands. Xo large animals 1 
uj>on thera, and of course neither metals nor c 
are fonnd on them. They are not fitted to be t 
uhodu of human beings at all advanced ii 
of civilization. 

0. "Coral Groves" and Coral Seas^ 

So singularly transparent is the water encloi 
by the atolls, that the ship, as she lies at her i 
chor, ttpiH'urs rather to be susitended over the bot- 
tom than to be resting on the deep, I have seen 
plainly corul-treea, standing in groves at the depth 
of one hundred feet. 

Till) i-ornL groves of the ocean floor are decorated ^ke tt 
gardens of tlia latid. Ihc flower-like polyps answeiing lo o| 
pinks unit daisies, violets, and lilies. Some ol them arej 
the briglitost aiiit softest tints, pink, jioari color, and h 
greou, purpiu nnd yellow. They strew the bottom, n" 




tit the whitest and purest sand; or bang like Itnvps and 
flowers, or cling like mosses and lichens lo the branching 
coml, and lend nre enchantment to the seme. Fishes o{ 
insnf colors, with exquisite grace of movement, dart among 
the branches. The; are ae nmltitudinous as bees otlt the 
Sower-beds, Hod, nith their polished scales, vie in brifliantTj 
with the feathered tribes of the land. To look down upon 
such a scene in the great bosom of the ocean is like gaxing 
upon the splendors of fairyland itself. 

The full beautj of the coral groves, however, cannot be 
seen from above. Their admirer must dive to the bottom. 
Yet not without risk does he venture, The fire coral (Mil. 
lepora), and the Meduss swimming amid the treasures of the 
deep, sting, when touched, like the worst of nettles. Black 
sea urchins drive their long barbed slings into the flesh of the 
foot, where they break off and remain, inflicting painfnl and 
dangerous wounds. But the worst of all injuries to the skin 
are inflicted by the eoral rocks themselves, owing to theii 
myriads of hard points and sliarp jaggt^d edges. 

7. DiMHhuHon of Coral Tlie reef- 

buililing polyps are confined to tropical wiiters 
which have a temperature of not leas than US" 
Fahr. The central part of the Pacific Ocean is 
the scene of their greatest activity. They are 
also found in many portions of the Indian Ocean, 
in the Red Seu and the Persian Gulf. 

Except among the West Indies, at the Bermu- 
das, and ofl the coast of Brazil, there are none in 
tlic Atlantic. 

The area within which they are at work is not 
less than 35 millions of square miles. 

8. Origin of Atolls.— JAimy of the reefs 
and atolls rise from very great depths ; bat the 

polyps are most vigorous in water not deeper 
than sixty feet; and in water that ia more than 
150 feet deep they cease to live. The question, 
therefore, arises, how can the foundutiona have 
been laid for certain reefs and atolls, which stand 
in water not less than a mile and a half deep ? 

Tills was a question that long puzzled Physical 
Geographers. Finally, Darwin auggeatcd an an- 
Bwer. It enables us to understand not alone how 
atolls in deep water may have originated ; but 
also how iitolls in general were formed. It is 
well known to geologists that the level of the 
ocean bed is subject to change. It may be up- 
beaved, or_, again, it may subside. Darwin 
jectured that as fast as the coral reef, ages 
was being built up towai-d the surface, it was car- 
ried down by the snhsidence of the ocean bed. 

Explanation, — Let na notice the sncceBsive 
steps of this jn'ocesB. There is reason to believe 
that in tliose parts of tlio ocean where atolls now 
abound, high mountains once towered. These 
mountains wore islands. The polyps built encir- 
cling reefs around them. 

But in many cases, as they built np, a gradual 



.1 



subsidence took place, until the island itself disap- 
peared beneath the waves. This subsidence on the 
one hand, and this building up on tlio other, may 
have continued for ages, and to the extent of thou- 
sands of feet, so that where the mountain then 
was, may be now deepwaters and low atolls. Thus 




same fringing reef become au alull. 

the mountain-top was replaced by the lagoon, and 
the encircling reef became the atoll. 

Tahiti affords an illustration of this process. It is a vol- 
canic island with a fringing reef, the foundations of which 
rest upon the submarine slopes of the island. It exhibits the 
appearance which must have been presented by eiisting 
atolls before the subsidence of (he ocean floor had carried 
down beneath the surface of the sea the mountainous islands 
fonnerly enclosed by them. 
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PART II 

THE WATER. 



iPERTIES OF WATER. 



1. Composition. — Turning from the land 
we corae now to the consideration of the water. 
Its ofiices tire of the highest interest and impor- 
tance. 

Pnre water is composed of two gases, hydrogen 
and oxygen, united in the proportion of two vol- 
ames of hydrogen to one of oxygen. 

3. Physical Properties of Water.— 

The properties of water that specially intereet 
the Physical Geographer are the following: 

(1) water clianges its forms witli remarkalilc 
readiness ; 

(2) it expands when passing into the solid state ; 

(3) it has extraordinary ca]>acity for heat ; 

(4) it has great solvent power. 

Forms op Wateu, — The three forms of water 
are the liqnid, solid, and gaseous. Changes of 
temperature that are of common occurrence cause 
it to pass from one to another of these. 

Now it becomes a solid. Falling gently as snow, 
it muffles up the young plants as with a mantle, 
Bcreenlng them from the biting winds of winter ; 
SB ice, it covers the sorface of the lakes and the 
rivers, and protects the denizens of the water, as 
enow does the insects and tender plants of the 
land. 

Kow it becomes a gas, and carries off water from 
tbe eea to supply the springs among the moun- 
tains that give drink to man and beast ; or, man- 
tling the earth with an invisible screen, prevents 
tbe too rapid escape of its warmth at one time ; 
or, assuming the form of clouds in the sky, shields 
it from the too great heat of the sun at another. 

Having fulflilcd these datics, it turns again into t)eauti- 
ful, dancing, langhing water. Enduring as the niountaine. 
it is one o( tlie f«w visdble things on earth upon which time, 
«incB the world began. ha» wrought no marring changp. 
Friction ahndcs it not, nor have all the k^Li that have 
ploughe<l the ocean wasted so much as one single drop of 
it. There it bs. pure and bright, Just as it came from the 
hands ot its Maker; its power is nnimpaired and alwajrs 
beafa; it is ever busy and never weary. 

Expansion of Watbr.— Water expands when 



passing from the liqnid state to the solid. This 
is probably due to the fact that its particles, when 
crystallized, require more space than before. When 
cooled, it follows the general law, and contracts un- 
til it reaches the temperature of 3^12° Fahr. Be- 
low this it disobeys tJio general taw, and expands 
till it reaches 32° Fahr,, its freezing point. Then 
suddenly it hardens into ice, and attains its maxi- 
mnm expansion. 

Because ice is more expanded than water, it is 
lighter than water, and, as we all know, it Hoats. 
The law by which ice floats is one of the beautiful 
and benign provisions of nature. Were ice heavier 
than water, It would sink as fast as it was formed, 
and our river-channels and shallow lakes would bo 
filled with solid ice from the bottom to the top, 

Expansiee /br«. — Another important conse- 
quence of the expansion of teater when freezing is 
that it exerts a force that is practically irresistible. 
It sunders the solid rock from the foundations of 
the mountains, and crumbles it into fragments. 

One of the most interesting effects of the force exerted 
by freering water occurred in Norway in 1717. The snow 
covering a roekj region had rapidly thawed, anil filled 
the crevices of an enomioiia mass o( rock with water. 
Suddenly the weather changed. The water enclosnl in the 
crevices of the rock was frozen. Expansion occurred, and 
a mass of rock was rent away and precipltAted into the 
neighboring flord The waters of thi* being suddenly driven 
from their channel engulfed a household, lind submerged the 
adjoining fields. 




Tko boiabe birlng tHen Oiled with water, vid tbe tases bo 
cloued with aji irou ptoppvr, were expotted 1o luteiwe cold -. on 
the Mapper of one wm pni)Mt«d lo ■ diBtann of more tlUD 1 
wbilB Uie other tMinb WM iplll op«n ud a >be«t of lea w 
throogb ihs cnck. 



h&dni bodies exMts in two ftmaa; am MOBble 
heal, or that whiA ;w> can fad, and JMemihle, or 
ttat vhiek JM caoaot fad. Th» litter it o^ 
waily cdM IrtMf , «r UUm iMBt. 

Ib the pflvoaM of n^onttoa a CKtain qnmtitj 
rf—Tili hntaabMrtedndnwknaiatait; 
in theofipoMt* fwcMi «( etode— tinw a octain 
— lautrf hint beat fa nfamd aad mabaeo- 

3k power y wwwwd ^ a bod; at atoring avar 
bral. aad rwdenti; it laMu or nnfeli, ia called 
its ** eajMci^ for heat ' or hi ** ^ecific beat," 

lake • nMc fcot i4 in at 



to the rnnilfninrinn of Tapor into water, and tba 
freeung <rf that water into enow. 

It baa been oompaUd that from eraj cubic foot 
of Tapor condvased, ai>d ttnaen into siov, beat 
coon^ is Kt free to lain man than 100,000 onbio 
faet of air from the tempoaton of ndting ice to 

Xahirt awfaa frtt i mm a^ tJae muwttr -pnptt- 
tiea, the er^iontian and unaliiMaliiai o( water. 
She bottlea away Om beat of tike tecrid aone in 
Uttfe nsdeB of T^nr, tbna eoofi^ (he atiDoa- 
pfaercL She then deGren Aeee TaweW to tba 
winds to be b; tl 

Them the; ai« eoadnaed iato lata, and their beat 

wt freeto waim tfaa air md Bodiff tbe climate. 

[See p. 86.] 
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WATERS OF THE LAND. 
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II. WATEBS OF THE LAND. 

1* Springs.— k portion of the rain which 
falls upon the land flows oS to the sea through 
brooks and rivers. The larger part of it, however, 
does not flow off, but uccumulutcs in Bwamps and 
lakes, or enters the ground. The latter portion, 
sinking into the earth under the influence of 
gravity, finally encounters layers of rock which it 
cannot penetrate. It then follows the incline of 
these layers, and flows for a greater or less distance, 
until it reaches a point where the land is depressed. 
Here it finds egress as a surface spring. 11 the 
area through which such water percolates be large, 
and if the slope along which it flows be gentle, 
then the spring will be perennial or unfailing. 

The depth to nhioti percolating v/uXct descends is sor- 
pruing. Prom a. deep well sunk in a certain diatrict ol 
Prance, pieces of leavca were thrown up by tie first gush oI 
water from a depth of about 400 feet. These leaves vere 
comparatively fresh. They were ascertained to have come 
from a distance of about 150 milea from the spring. A 
aimilar phenomenon has been observed in other placea. 

Viava the percolation of water through the earth aiises 
one of tbegreatest difficulties in mining operations. Before 
the invention of eteara-pumps many coal pits in England 
had to be ationdoned owing to the fact that, In the expressive 
language of the miners, they were droumed. 



Action of Artesian Weill. — The action of " Artesian wells." 
M called from Artois in France, where they were first used, 
very clearly illustrates that of natural springs. 

Let na suppose that AB and CD, in the illustration, are 
layers of rook irai)ervious tiD water, and that at a dbtance of 
BOO miles or more from a desert or region ill supplied with 



water, they crop out upon the surface. Dipping down, 
however, they are perhaps 1,000 feet below the surface at the 
point H. Between them is KK. a layer of gravel through 
which rain water can percolate, but from which it cannot 
escape, being confined by AB and CD. Trickling down 
through KK the water accumulates. The tube of an Arte- 
sian well, L sunk through AB, enables it to rise to the height 
of its distant source. 

When the source of supply is very much higher than the 
surface where the well is sunk, the water shoots upward 
with considerable force. The jet from such a spring near 
St. Etienne, in Prance, rises to a height of alwut 2S feeL 

The French colonists in Algeria have sunk a number of 
Artesian wells on the margin of the Great Desert of Sahara, 
and thus supplied themselves with an abundance of water. 





Intebmittent Springs. — The springs which 
have eicited the greatest curiosity are those which, 
from their alternate suhsidence and flow, are called 
intermittent. The caitse of this peculiarity is 
illustrated in the accompanying cut, and will be 
readily understood by any one who has seen a 
siphon used. 

The passage from the reservoir to the surface of 
the ground is curved like a siphon and acts in the 
same manner. Water percolates through the fissures 
in the rock and accumulates in the reservoir. As 
soon as it rises above the level of the bend of the 
siphon, 5, it begins to flow, and does not 
cease till it has fallen below the mouth of 
the passage at a. Thus the reservoir alter- 
nately fills and discharges itself. 

Therjcal or Hot Sprinqb and Getsebs 
have been already discussed. [See p. 14.J 
It remains to be said that the waters of eueh 
springs may be ejected in two ways : (1) in 
tiie manner above indicated, the water seek- 
ing the level of its source ; or (2) by the 
force of steam, or gases superheated by the 
internal heat of the earth. 

MiifEBAL Speimos abound in many parts of the 
world, chiefly in mountainous and volcanic regions. 
Their waters are charged with various substances. 
Iron, salt, sulphur, and carbonic acid are the most 
common ingredients. 
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3. JiiverH.—R\\eTs receive their supply of 
wat«r from springs, or melting snow-fields and 
glaciers. From varions springs in one vicinity 
little streamlets pour their contributions. Influ- 
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enced by gravity these seek the lowest level. They 
unite and form a river. Again, just as thestream- 
leta issuing from a number of springs make a 
river, so a number of riven=, all seeking the chan- 
nel of greatest depression, blend together and make 
one mighty water-course. Such a water-course, with 
its tributary streams, is called a river-aysiem. 

Not un[r«iuently on the way lo the aea a river passes hy 
& very sudden iiBSoent from a higher to ft lower lovoL This 
gives rise W rataracta. According to the violence of the 
descent they oro classed as rapidaot lealerfalU. When the 
dMCenl is very ulirupt, but still not perpendiculnr, the 
term npida is prop*rly employed. The estaracts of Ihe 
Nile nnd the rapids of the St. Lawrence 



The t*rm wntorfall U used when Itie wMer drops per- 
pandicuUrly. The loftiest waterfalls are those of the Yosem- 
it« in Ciilifuruia, 2,500 feet, and the Keolfofis in Norway, 
8,000 toot lilgli. 

fhs crandest of all waterfalls are those of Niagara. Ee» 



e noted iilustro- 



the water discharged by four of the Great Lakes of North 
America plunges in a single leap of lOOfeut from the temca 
of Lake Erie to the lower level of Ontario. 

Offices of Rivers. — Bivers, viewed aa parte 
of the terrestrial machinery, have two main 
offices : (1) Ikei/ bring about vast dianges in Ih* 
Hur/ace of the earth ; (3) they are channels by 
which the draiitage of the land is accomjilishrii. 

3. Mow Rivera Change the Surfaee of 

the Earth. — The process by which rivers bring 

about changes in tlie surface of the earth hai 
three stages : erosion ; transportation ; deposit. 

Erosion means the eating away of the solid 
materials which form the channel of a river. It 
is brought about; (1), by the solvent power of 
water ; and (3), by its mechanical foi-ce when in 
motion. These two combined wear away the more _ 
soluble and soft clays and rocks with ease ; but ereil ] 
the hardest cannot withstand their action. 

If the soluble particles of a rock are dissoIved'J 
by water, the surface of the rock becomes disintft*' 1 
grated, and crumbles. Now, when a stream incett- -I 
santly runs over such a constantly dissolving and.a 
disintegratingrock, it is clear that erosion will mak^S 
rapid progress. The rock will be worn away. 

The fragments thus removed are whirled oon> 
tinuously against the water, against one anotbeff 1 
and against the sides and bottom of the chana^* 
And thus, as the river rolls on, the particles eroded 
become smaller and smaller. In the upper course 
of the river they may be ot considerable size. In 
the lower course they are reduced to Band i 
silt. 

EfompU. — The erosive action of rivers is moat ii 
Hivcly illustrated by the eicavation of rocky gorgei. 
of the Niagara and the caflons ol our western rivers are 
hap;< the uiost striking examples that can be offered. 

Thi- Falls of Niagara, it is evident, were at one 
about seven mibs lower down the stream than they ncn 
The vast volume of wnter that passes over the falls e 
the vdge of the cliS over whieh it pours. Palling & 
height ot about 160 feet upon the rocks below, It ws* 
away; and thus i>roaion occurs both above and below. 

It was computed by Lyell that the rato at which the ^ 
eat lUeir way up the gorge was about one foot a year, | 
thai lhi>reforc it hud taken them alwut 3S.OO0 yean to Q 
backwani from Queenatown to their present point. At I 
same rate they weuld work their way back l(> JJake Erii 
about 30,000 years from the present time. The aveniga^ 
of recession is now, however, nbuut 2] feet per i 
which would reiluco tbe compulation to about 15,000 jn 

Transpobtation.— The finer particlesof ei 

matter are carried along by the river in suapenaid 
that is. simply mixed willi the water. The o 
portions are rolled onward by the current. 
twofold action constitutes transportation. 
A river will transport eroded matter to a g 



or leas difitanco, and in greater or leas quaatity, in 
proportion to tho velocity and volume of its cur- 
rent. Water moving half a mile an hour will 
carry along ordinary sand. If tlio velocity be in- 
creased to three-quarters of a mile, it will roll fine 
gravel, while a currcut huvjng a speed of three 
miles an hour, can sweep along pieces of stone as 
large as eggs. In floods masses of rock as large as 
B honse have heen moved. 

As to the quantity of matter transported, it is 
BBtimated tliat of visible sediment the Rhone 
carries into the Mediterranean more than 000,- 
000,000 tons annual!}', and of salts invisibly dis- 
Bolved, more than 8,000,000 tons. The amount 
of silt carried into the Gulf of Mexico by the 
Mississippi in one year, would make a column one 
mile sqanre and 341 feet high. 

The removal ot this matter from the surface of the valley 
nduoea its average level <itie foot in 6,000 jpars. Could the 
iBmc rate of denuJation be kept up continually over the 
entire surface of North America, it would reduce the eon- 
tiuent, which has an elevation ot about 700 feet, to the level 
ot the sea in hull a million yean. 

Deposit. — The materials borne or rolled along 
by rivers are deposited at various points in the 
channel. The finer portions called silt, familiar 
to us as muddy slime, are carried down as far aa 
the mouth of the river. FartJier up the stream 
Bandy particles come to rest ; still higher, gravel 
JB deposited; and finally, in the upper course of 
the river we find stones of greater or less size. 

It is obviouB that deposit will depend very largely 
upon the slope of the river-bed and the rapidity 
of tho current. Any- 
thing that checks the 
latter favors deposit. 

Results of De- 
posit. — The main re- 
sults of deposit arc 
changes in rivcr- 
eoursea ; and the for- 
mation of bars and 
deltas. 

Changes in rivpr- 
courses are frequent 
effects of deposit. 
They occur especially 
in rivers that flow 
through alluvial lands. 
Very often the course 
of such streams is 
marked by what are 
called sinuosities, or 
sharp curres resembling the letter S. The lower 
Mississippi presents a striking illustration of 
this. [See diagram.] In some oases portions of 




the land are carried from one side of the river to 

the other, giving rise to tho important question to 
whom does the land so transferred belong. 

Sometimes, as when a river is unusually high, it 
may make for itself u straight course instead of 
following its old curves. The impetus of the 
swollen waters forces them through the soft clay 
banks. The portion of the old channel that ii 
abandoned is closed by silt at each end, and be- 
comes a lake, crescentic in shape, and commonly 
called a "cut-off." 

Bars.~~But by far the moat important cases of 
deposition are those which occur at the mouths of 
rivers. Here the current of the stream is checked 
by the mass of the ocean waters, or by the incom- 
ing tide. Along the line of meeting, it is clear 
that there will be comparatively little movement, 
and in consequence there will be, in the case of 
large rivers, vast deposits of sediment. In this 
way bars at the entrance of harbors are formed. 

Tho Mississippi, and all the rivers of the United 
States that flow directly into the Atlantic Ocean, 
have bara. 

So great is the amount of solid mstter brought down by 
the Mississippi that a bitr no leas than two and a quarter 
miles in breailth was rormed oS oneof its outlets called the 
South Pass. Fleets o( vessels more than fifty in number 
might sometimes be seen, detained on the bar for vfeeks, 
waiting {or a chance to go to sen, or enter the Pass. The 
operation of towing a, ship into the deep waters of the Gulf 
occupied days, and in some cases weeks. 

In 1875 Captain Eads, by the authority of Congress, 
constructed jellies or long walls, which narrowed and con- 
fined the current, and thus gave it greater velocity, and, of 
couree, greater power to scour out the channel and carry off 
the sediment into deep water. A similar project has been 
proposed for keeping the mouth ot the Danube free from 
obstructions. . 

Deltas. — Then again, when the river waters 
encounter the waters of the sea, the check to their 
velocity will extend some distance up the stream. 
Hence deposits are likely to occurnear the mouths, 
and some distance above the mouths, of ail silt- 
bearing rivers. In this way arc formed in the 
course of ages what are termed the deltas of rivers. 

The Mississippi, the Nile, the Ganges, the 
Orinoco, the Danube, the Volga, and many other 
rivers which flow into inland seas or gulfs protected 
from the sweep ot the tides und ocean currents, 
are famous for their deltas. 

But where there is a very strong littoral current, 
it sweeps off the sediment as fast as it enters the 
sea, and there is no delta formed. This is the 
case with the Amazon, the Rio de la Plata, and 
with all the American rivers that empty into the 
Pacific Ocean. 

The area of deltas is often very large. That of 
, the Mississippi is about 12,000 square miles. One 
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tkird of it is still in process of fomtation, being u 
yet oaly a sea marsh. 

Braitekijiff of Rmtr* in Daiftu.— Not &loDe ts sediment 
(Je|)CGit«l Dpon tlie b«d of rivers, hut also apoa Iheir btulcs. 



This has the effect at raiaiiig the banks thore ibe genenl 
IcTelol the Deighboring country. Insom» portioos of their 
coun? both the Musjssippi aad the Po ue above the adja- 
cent Selds. The land, therefore, slopes from tlie liTer on 
eilht^r side, anil one goes up to it instead ot doum to it 
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Nov if w^ bear thb in nuad. and temember. aboy 
tke natunl bank at the rivvT is onlj a hmkuk 
we ihall ser hov ic*dil;, in caee ol SooA, the rirer maj 
dinle into fanndM* ud nwke for itsdt Dew ootleta. This 
la tobeabsemd b all drfta TcgiDDS. It JsadnuraUjnbown 
ta tbe am ol tlM Mhw*iffi ddta in tba BcoompaajiBg 



iibnaeUHKal riren ia fwog tfatn^ tbcir diUai 



4. RelatioM ofBtrerato Oeeam lAfe.^ 

Whea the ri*en han dadiaiged their vaten into 
the aea, tber bare not yet finidied tbdr ta^ 
Sea ihella and coral-Kieka an formri chiefij of the 
BmMtone which is dbmhvd and gathovd \ft the 
tains and nnming vaters from the moantaiDs. 
pUns and vaDtTS. 

Of maleriab tfau ooDecied and brongfat from 
tTpper EgTpt br the !iile, and bom the moantains 
oC An br the gT««t nnn of India and China, or 



from the peaks of the AndM bv the Amazon— of 
such materials the great whale and all the fish of 
the acii form their bones, the pearl o^^tera make 
their jewels, t)ie sea-conch its shell, and the coral 
polyps their cvoip-een islanda. 

Water is thus seen to be one of the most wonderfnl and 
benign agents in the terrestrial economf. It id as mar(«l- 
lous in its properties, in its adaptations, and in tne perpetual 
development ot the most beaotifnl pbenotaetia, as is the On 
on the hearth. It not oolr perfonng the ofBces that are 
familiar lo lu all. and whidi bare almost ceased to be 
observoi, or, when obeerred, have ceased I 
fatit, ever in a thoosand unlamiliar and hidden waySi 
ftlftUittg tlie beneficent will <A Him who treated it. 



VX^j 



5, Lakes. — The formation of lake-basina 
be ascribed to varions caases. Of tbeee the f <dloV' 
ing is, perhaps, the most fretjnent. When the 
sarface of the earth was cmmpled as described on 
page 28, depressions of greater or lees depth were 
necessarilj formed. Some of them, receiving the 
rainfall drained from neighboring slopes, became 
the basins of lakes. 

Fresh-water Lakes. — In the caw of lakea 
gitnated in cool or damp regions precipitation Is in 
excess of evaporation, or, in other words, the 
amount of rain falling in the Ticinitr of auch 
lakes, and carried into them by streams, is greater 
than the amount of water taken ap from the 
eorface by evaporation. They gain more than 
thej lose, 

Clearlj, therefore, there will come a time when 
an overflow most occur. The waters that no 
longer can be coat^ned by Ibe loke-bastn, wiQ 
break through the rim at some weak point, and 
form for them^lres a channel to the sea. In 
doing this the; will sometiinea cnt jMUhwiq^. 
throngh the densest rock, or bunt thnm^ i 
barriers of the everlasting hills. Hoioe i 
and waterfalls, water-gaps, gorges and c 

Salt Lakes. — In the case of lakes dtnated in 
regions of great warmth and diyness, the amottnt 
<ii water evaporated is sometimes eqoal to tfaal 
which is snpplied, and sometimes greater. J^ 
fast as the water is potired in by the rivers it ia 
carried awav in ibe form of vapor and clooela. 
Sodt lakes ai« nerer fiBed to overflowing, and, 
conaeqiMBtlj^, have no oatlets, 

n« maitr tf laia iawimf m9 ontletM it nm mo mtf 
aatt. TJkt maUr af ikfax iariitf amtkU U lAa 
«M itJnA. 

Eiplamatim- — Bi vers carrrinto lakes^ in at^otiiM, 
many saline materials, ot which ooe of the moal 
abondant ia chloride of aodiara (< 
This is present in ordinary river w 
it canout be tasted ; bet if a large< 
water were evaporated, a «nall 
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would be left behind. Thus it in dear that if a 
lalce have an outlet, not only is its Buperfluoiia 
water remuYod, but the salts dissolved iu Biich 
water are also tuken out. 
On the other hand, if a late have no oatlet, 
■ then, while the water hrought in is reraoveii by 
evaporation, tho salt introduced remains behind. 
Thus lakes having no outlet may be compared to 
the evaporating vats or troughs in wliich, as at 
many points on the ahorea of the Mediterranean 
Sea, water ia boiled, or evaporated by sobir heat in 
the manufactnre of salt. The water passes off, the 
salt remains. Hence, year after year, salt lakes 
become salter. 

Oontpieuoua example* ot salt lakes are the Qreitt Salt 
Lake and the Deuil Sea. Both of these are hpariJ]' oliargcd 
with saline ingradiBnts. The wattT of the Dead Sea ja 
about oneStth lieavier than that of the ocoan, and sustains 
the human body, so that it cannot sink in it. Prom its 
great salinitj the Dead Sea is often called tbu Boa of Salt. 
But the J<irdan, which supplies it, is of course fresh. 

The Dead Sea ia situated in a depression remarkable tor 
its intense huat, and the regioii in which the Great Salt 
Lake lies is very remarkable (or the drynees of its atmos- 
phere. In the case of both these lakL's, therefore, evapu- 
ration proceeds at an enormous rate. 

Ihlakd Seas. — Some inland bodies of salt 
water, however, have evidently been at one time 
parts of the ocean. These are properly designated 
inland seas. The most remarkable of them are 
the Caspian and Aral. 

When the Arctic Ocean extended, as geologists 
believe it did, southward as fur aa the mountains 
of Persia, these two seas and many neighboring 
bodies of salt water were included within its limits. 

Seals abound in the Caspian, and sturgeons, her- 
rings and other sea-lish in both the lakes. 

Like other salt lakes these inland seas have no 
outlet. The Volga, the largest river in Europe, 
snd the Ural pour volumes of water into the Cas- 



pian, yet its level does not rise. The Sea of Aral 
receives the Osus and the Jasiirtes, yet its level 
seems actually to he lower than formerly. 

Many smitll salt lakes entirely evaporate during 
the summer, and leave their beds covered with 
saline incrustations. Prom the dry bed of Lake 
Elton, in the Caspian region, 100,000 tons of salt 
are annually gathered. 

a. Offices of LakeM.~hakea arc reservoirs 
for the rivers. They hold the waters back in time 
of flood, and thus help to maintain a uniform 
height of water in the rivers. The Arve, an afflu- 
ent of the Riione, ia the chief cause of the serious 
inundations which occur in the Rhone Valley. It 
sometimes pours twenty times its ordinary volume 
of water into the Rhone. To prevent the floods, it 
has been proposed to turn the course of the Arve, 
and make it discharge into the Lake of Geneva. 

The inundations of the lower Mississippi are 
mainly due to the floods of its tributaries, no inter- 
vening lakes holding back the surplus waters. 

Lakes again are sources from which supplies of 
vapor are obtained, to be gathered into clouds, and 
in the form of dew or rain to water the land. 

7. GeoffvuphicalDistr'tbutton of Lakes. 

— In North America are found the vast bodies of 
fresh water which are called the " Great Lakes." 
The northern part of the Great Central Plain of 
the continent abounds in lakes, of greater or less 
magnitude. In the Basin between the Rocky 
Mountains and the Sierra Nevada there is a region 
of saline lakes. 

In Europe, the great lake region Ilea in Northern 
Russia and Scandinavia. Ladoga and Onega, 
Wener and Wetter are the largest lakes of the con- 
tinent. Those of the Alps, Como, Maggiore, 
Geneva and others are comparatively small, but 
famed for their beautv. 



so DRAl 

Asia is noted for the size aod nnmber of ite salt 
lakes. The Caspian, Aral and Dead seas are 
examples. Of fresh water lakes Asia has few. 
Lake Baikal, however, 400 miles in length, may be 
compared with onr own Lake Saperior. 

Africa rivals North America in the ma^itade 
of her great lakes. Victoria and Albert Nyanza, 
Tanganyika and Nyasaa ore the largest 

Sontb America has two lakes of importance, 
Titicaca and Maracaybo. Australia is noted for 
its salt lakes. Eyre, Torrens, and Gairdner each 
exceed 100 miles in length. 

TOnCAL ANALYSIS, 
n. WITBRB OF THE LARD. 

1. Springs. 

How canMd. ArtraUn welta. 
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witer !■ ejected. Hlnenl ipringi. ConunoD In- 
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Duleriil. QotsH and cifloiu. 
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6. Ofiaaa of Lakaa. 
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III. DRAINAGE. 

1. Ailrantatjcit of I>ra tnafffi.— The sec- 
ond grout office of rivers is to drain the land. 

Any portion of the globe, to be well adapted for 
hunmn occupation, requires to be dniined. As a 
rule crops do not flourish in a cold, damp soil ; and 



precisely so human health and strength canno 
general be maintained where the ground is ali 
wet. The vicinity of swamps is unhealthy. 

For this reason a very large area of the sv 
peninsula of Italy, i»lled the Campagna, is all 
nninhabited. From the days of ancient B 
until now it has remained, owing to the 1 
nature of the land, and the consequent absent 
any stream into which the waters might 
directed, a vast swamp and a breeding groun 
pestilence. 

2, How I>rainage ia Ejected.— l>nX\ 

is accomplished by two combined causes : (1) 
evenness of the land ; (%) the flow of rivers. 

Tht mountains and slopes of every ami 
determine in a large measure the number oj 
water-courses, their letigih and direction, am 
velocity of their currents — in a word, their cap* 
for carrying ofF superflnons rain-water. 

The rivers are the channels through which 
water carried from the sea in the form of vi 
and rained upon the land finds its way bacl 
the sea. Every running stream may therefor 
regarded as a kind of rain-gauge, which measi 
in a general way, the quantity of rain that 
upon the valley which it drains. 

The region drained by a river-system is ci 
the river-basin . The basins of large streams 
hundreds of thousands of square miles in s 
That of the Mississippi contains nearly 1,250 
square miles. 

The limits of a river basin are defined by i 
are termed watersheds, i.e., water-divides, , 
being from a German word meaning to divide, 
water-shed is a line of elevation, sometimes 1 
and sometimes low, which, like the ridge of a i 
divides the rain as it falls, and causes one pot 
to descend one slope of a country or continent, 
the other portion another. 

If on a map of North America jon trace a pencil 
round the sources of all the riven that poor into the 
sisaippi from the Appalachian slope on the one side, and 
the Rockf Mountain slope on the other, jaii wilt 
markeil out the watersheds which deOne the eastom 
western limits ol the Mississippi bosia. 

The aggregate amount of water discharged 
the ocean by all the rivers of the world is o 
puted at more than two and a half millicm oi 
yards per second. All this volume of water, 
vast for us to conceive of, is being inoiHi 
removed from the surface of the Mil 
render and keep it suitable to be tlu 
This shows how busily and gzaiu 
machinery works. 

Inundations. — The int 
sionally submerge large ar 
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destruotive to life and property, occur where the 
quantity of water to be remoyed exceeds the capac- 
ity of the draining rivers. Many rivers, as the 
Nile, the Oriuuco and the Miaeissippi, are subject 
to periodical overflow. So estensive are the inun- 
dations of the Po that the Italian engineers have 
actually proposed a scheme for cutting an artificial 
channel to be used in aa&e of emergency. 

TOPICAL ANALT8I8. 



1. AdvaatagM of drain^*. 
S. How drainage ii Effsoted. 



Blver-bulat. Wwflr-theda. Qnanttty of waWr de- 
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IV. CONTINENTAL DRAINAGE. 
[For Map see p. «2.] 

1. North America.— aha bounding waters 
of North America are the Arctic Ocean, the Pa- 
cific Ocean, and the Atlantic, including the Gulf 
of Mexico. These receive the drainage of the 
continent. 

The great watfr-shftl is the Rocky Mountain 
system. It acts like the ridge-pole to the roof of 
a house, shedding the water to the east and the 
west. All the region lying westward of it is 
drained into the Pacific and into Bering 8ea by 
the Colorado, the Columbia, the Fnizer, the 
Yukon, and other rivers of less importance. 

East of the Eotrky Mouutains the continent is 
divided by the Height of Land and the Appal- 
achian Mountains into three slopes ; a northern 
inclining toward the Arctic Ocean ; an eastern 
toward the Atlantic ; and a southern toward the 
Gulf of Mexico. 

The region lying north of the Height of Land 
is drained by the Mackenzie, and Saskatchewan, 
and by certain streams which enter Hudson Bay. 
Southward of the Height of Land we have the 
great basin of the Mississippi, the drainage of 
which is poured into the Gulf. This basin em- 
braces all that enormous area which lies between 
the Rorky Mountains aud the Appalachians. 

nt of walcr carried hy the Mississippi from this 

hoQulf or Mosifi'evurysi'i'Liii.l i^ l!76, 000 cubic 

— alfiui ,- . -A ii.iheilupth 

':< MisBiBsippi 




is drained hy the St. Lawrence and by a series of 
rivers large and small which flow from the Appa- 
lachians to the Atlantic. 

a. South America, — The drainage of South 
America, like that of North America, is mainly 
effected by three river systems, Tite crest of (he 
Andes in the ijreat water-shed. It lies along the 
western edge of the continent. Hence the dram- 
age has in general an easterly flow. 

The eastern elope embraces nearly the whole of 
the continent. It ia naturally divided into three 
great river basins, those of the Orinoco, the La 
Phita and the Amazon. The laat contains tht 
greatest river system on the globe. 

Tbo Amazon discharges six times aa much water as the 
Mississippi. In respect to votumc it is the largest river in 
the world. It rises in the beautiful little lake of Lanricocha, 
Ugh up among the Andes. Desoending by falls and rapids, 
it reaches the alluvial countr)' below, and then becomes a 
stream navigable for large steamers from the foot of the 
mountains to the sea, a distance of about 2,200 miles. 

So great is the force of its current that its fresh water* 
are carried a distance of about 200 miles into the sea. An 
ocean current passes near ita mouth, and sweeps nwaf 
sediment as fast as the river brings it down. Thus the 
river's own current and the ocean current prevent the 
formation of a l>ar. 

The western slope of the continent \a steep and 
narrow. There is no room for long, and no water 
for largo rivers. The PaoiSc receives only a few 
small mountain torrents, fed by the melting snowa 
of the Andes. 

3. Europe.— 'From a pointin the Ural Motin- 

tains at about latitude Gl° north, to the Valdai 
Hills, thence in a south-westward direction through 
Central Europe dowu to the southern shores of 
Spain, an irregular lino may bo traced which will 
separate Europe into two great slopes. The one 
inclines to the northwest, the other to the south- 
east. 

All the rivers have one or tho other of these two 
general directions ; and tho continent is drained 
into tho Mediterranean, the Adriatic, the Black 
and Caspian Seas on the one side ; or into the 
Atlantic and Arctic Oceans, and the North, 
Baltic and White Seas on the other. 

The region of the Alps is drained by four 
streams, the beautiful Rhine of the Germans, the 
Rhone, the Danube and the Po ; the drainage of 
the Low Plains is accomplished by a number of 
rivers, among which the Volga, the Don, the 
Dnieper and the Dniester are conspicuous. 

4. Asia. — Tho continent of Asia, like that of 
Europe, may bo regarded as consisting of two 
great slopes, one having a general incline toward 
the north, the other toward the south aud east. 



^H B^mning on the western shore of Asiu Minor, 

^f a line may be drawn to Mount Ararat, theuce 

1 along the crests of the Elburz and Hindoo Koosh 

MonntainE, thence north-east wardly to the Sea of 

Okhotsk, which will represent the great water-shed 

I of the continent. 
Southeast of this lino the Euphrates and Tigris, 
the Indus, Gauges, the Yang-tse-Kiang, the 
Hoang-Ho and Amoor carry the drainage to the 
southward and eastward into tlie seas and bays of 
the Pacific and Indian Oceans. 
On tlie northern side of the line nearly every 
important river flows iu a northerly direction into 
tbo Arctic Ocean. 



•5. Africa. — The drainage of Africa is accom- 
jjjjshed in the main by the four great river systems 
^f t he Nile, the JJiger, the Congo and the Zambesi. 
j[t**^^ °' ^^^ surplus water of the continent, liow- 
gy^x"* 's removed by evaporation. 



CONTINENTAL DRAINAGE. 
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G. Auatralta. — Australia is scantily supplied 
with rivers. The Murray and its tributaries are 

the only water-courses of importance, and, in its 
lower course, the Murray is sometimes reduced in 
the dry season to a mere chain uf stagnant ponds. 
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The most interesting feature in the drainage system of 
AfricA is It's river Nile. But for it Egypt woulil !» as 
barren as the Great Desert ot Sabara. The river is fonDed 
bj the junction of tvo streams called ttie White and the 
Blue Nile. The former issues from the Equatorial Lukes. 
The latter rises among the hills and the table-landa of 
Abyssinia. 

During Jnne, July, and Augtist the rains pour down in 
torrents upon the regions drained by these streams. Each 
is flooded. Uniting at Khartooro the descending torrents 
I«ach Cairo by llie ntiddle ot June, and during the latter 
part of summer and in the autumn the land ot Egj-pt is 
under water. 

As tbe flood subsides a layer ot tertilixing sedinuMit is 

deponted upm the soil. Most of it ha* been washed down 

' m tiin Abyssinian hills by the Blue Nile, which takes itK 

Se color wbioh the sediment im parts t 




V. THE SEA. 

1. Extent of the Sea. — Nearly three- 
fourths of the earth's anrface are covered by vater. 
This surface comprises, in round uumbera, an 
area of 197,000,000 square miles, of which about 
53,000,000 are land, and 144,000,000 water. All 
of the land, except 13,000,000 sf|narc miles, is on 
the north side of the equator. The northern 
hemisphere therefore contains three-fourths of all 
the known land, and two-fifths only of the water> 
Hurfaoe, of the world. 

The extent of water that is visible to the eye at o 
- - t great. If we stand on the shore and 1" '■ ' 
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our Tiew Is closed in b]r b line in which sea and sky appear 
to meet. To this lias we give the name horizon, i.e., bound- 
ing line. Its distance from us depends on our elevation. 
11 we occupy a posilion which is elevated six feet above the 
sea-level onr horison will be three miles off. I( we ascend 
a bluff or lighthouse, and so gains point about 100 feet 
high, our horizon will be twelve miles distant. 

.3. Saltness of the Sea, — Various solid 
ingreiiients are found dissolved in sen water. Of 
these the most abundant is what we 
caJl common salt. Others are cer- 
tain compounds of lime, niagnesinm, 
potassium and iodine. The soHd 
ingredients may be estimated on an 
average as about one-thirtieth part 
of the whole by weight. 

Though there is little N'ariation from the 
average, yet it seems to be well ascertained 
that, within the regions ol the trade winds 
(see p. 76.) the proportion of saline ingre- 
dients is greater than elsewhere. This is 
natural, since there evaporation* is at its 
maximum. Near the polos the propor- 
tion of saline tiiaterittl is less; and juet at 
the equator, owing to thp constant rain- 
fall {sec p. Q3), it i£ as low as at the poles. 

3. Or-igtn of Saltness. — Sup- 
posing the water of the aea to have 
been originally all fresh, it ia easy 
to see how in tlie lapse of time it 
can have become salt. The case of 
the aea may be compared to that of 
a lake with no outlet. All the rivers 
run into the sea and carry into it im- 
mense quantities of saline matter. 

The amount thus contributed during the past ages 
of the world's history would be simply inconceiy- 
able — amply sufficient to account for the present 
aaltness and density of the waters of the sea. 

Another theory is, that when the vapory materials consti- 
tuting the earth were originally condensed (see p. 7), the 
•aline substances were among the last to be condensed and 
deposited. Following soon after these watery vapor was 
condensed, and railing as rain washed the saline deposits 
into the ocean-basin. According to this view the sea was 
Bolt from the beginning. 

4. Color of the Sea, — The sea is green, or 
bine ; it is sometimes colored here and there by 
reddish, or whitish, yellowish, or crimson patches, 
according to the tints imparted by tlie color of the 
bottom, by the shadow of the clouds, by the ingre- 
dients of its waters, or by its myriads of organisms. 



In certain parts of the Indian Ocean the waters, 
as seen from a distance, are black. 

In the Mediterranean, in the Gulf Stream, and 
between the iropics generally, the sea waters are 
dark blue ; along the shores and near the mouths 
of great rivers and in coral seas they are green. 

Thus the sea assumes here and there various 
shades of color ; yet its waters, when taken by the 
tumblerful, are as clear (is the purest crystal. 
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5. Phoftphoresr-enee. — lu moat parts of 
the sea the water is phosphorescent. The phos- 
phorescence is caused by certain animalcules, 
which, like glow-worms and fire-flicB on the land, 
have the power of emitting light, some in flashes, 
and some in a steady glow. These little creatures 
are invisible to the naked eye, but they are as 
multitudinous as the sand, and ae beautiful as the 
stars. 

In tropical seas and in certain waters they tip 
the waves with flame, and cover the sea after dark 
with sheets of light. As the ship ploughs these 
waters, she leaves a bright streak far behind in her 
wake. 

Though we cannot see the dolphin and other fish, be they 
sport in the depths ot the^ phosphorescent seas, yet, by the 
streaks they leave behind, we can often track them through 
the water, as we do rockets through the air. As they chase 
each other in the mazes of their sport, these threads of light 
are. to those who arc fortunate enough to see them, among 
the most pleasing wonders of the deep. They are particu- 
larly beautiful in the harbor of Callao. 

6. The Temperature of the Sea ia in 



general highest near the surface. In the equato- 
rial waters the average surface tempera tore is abont 
80° Fahr., sometimes rising in the Indian Ocean to 
90° Fahr., und in the Red Sea to 94°. Towards 
the bottom the temperature is depressed. Indeed, 
near the bottom all over the globe deep-aea water 
eeems to be ubont as cold as that of the Polar sea^. 
The variations at the same place between the win- 
ter and summer temperature of the seu rarely ex- 
ceed 10". Thus, in Polar seas, the surface-water is 
seldom above 42°, nor in intertropical below 68°. 

7. Offices of the Sea. — (1) The sea receives 
the drainage of the land ; (S) it wears away or 
builds up the land ; (3) it supplies the atmosphere 
with moisture ; (4) it is one of the great regulators 
of climate ; (5) it is the highway of the nations. 
Commerce, civilization and Christianity have been 
wafted on its bosom to the ends of the earth. 
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VI. THE OCEANS. 

1. The Oceana, — The eea is one immense 
body of water encircling the globe. It is, how- 
ever, divided by the intervening land masses, or 
continents, into smaller bodies, called oceans. Of 
these the Pacific is the largest. It contains more 
ihan half the waier of the sea. Kext in size, but 
only about half as large as the Pacific, is the At- 
Uiatic. The Indian is the third in area. The 
Arctic ia properly only an entension of the Atlan- 
tic, while the Antarctic hardly deserves to be re- 
■d as distinct from the main body of the sea. 



OcEAK Basins. — The form of each ocean basin 
depends naturally npon the shape of the enclosing 
continents. The Pacific approaches the oval ; the 
Atlantic has been compared to a long trough ; the 
Indian is triangular, white the Polar oceans cannot 
be said to have any describable shape. 

Of all the oceans the Atlantic is the most marked 
by indentations of its shores. The Asiatic edges 
of the Pacific and Indian oceans are also well sup> 
plied with hays and border-seas. 

2, Depth of the Orcffn*.— Two quesliona 
connected with the subject of ocean basins have 
been within a few years made matter of accanita 

investigation — tlieir depth and the configuration 
of their bottom. 

The average depth of the Atlantic is about 
12,000 feet. It seldom exceeds 18,000 feet, or ^i 
miles. The deepest sounding has been made n 
the island of St. Thomas. It was 27,366 feet, or 
ratlier more than 5 miles. 

The Pacific has a somewhat greater average 
depth than the Atlantic. Like the Atlantic it 
has deep abysses. One near the K.urile Islands ii 
the very deepest part of the ocean yet accurately 
measured. Soundings of 37,930 feet Were made. 

S. The Bottom of the Ocean is, like the 

land, diversified with hill and dale. Vast pla- 
ttiaus. bauks. and shoals spread themselves out; 
and islands rise from the ocean depths far more 
abruptly than mountains do on the land. 

San Domingo and many other islands of the aea 
rise from the bottom to the surfaco almost per- 
pendicularly. The Silla de Caracas, on the other 
hand, which is the steepest mountain in the world, 
rises at an angle of 53°. 

Bed op the Atlantic. — The bod of the Atlan- 
tic has been more thoroughly examined than any 
other. It seems to consist of two nearly parallel 
valleys extending north and south and separated 
by a lofty dividing ridge. The islands which are 
scattered along its length are the summits of this 
ridge. That portion of the Atlantic bed to which 
the name of Telegraphic Plateau has long been 
given is of special interest. This plateau stretches 
entirely across from Newfoundland to Ireland, at 
an average depth of somewhat less than two miles. 

It we imagine ourselveswalking across it from Newroiuid- 
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[and to Ireland, wp Bhall first descend by an eaay slope to 
the Qrand Baok.^. Here tbe depth is about l.OOU feet. 
XiGSTing the Orsnd Banks we shnU pass quite rapidly to tbe 
depth of aboat 18,800 feet. From this point there is not 
much Tariatian in the depth for about balCway acrosa the 



ocean. When however, we have performed half out 
journey, we shall ascend again, flret rapidly and then 
gently, until we reach the neighborhood of the British Isles. 
For a distance of about 330 miles westward of Ireland the 
upward slope is yery gradual until we gain the dry land. 




Bed of ihb Indian Ocean. — The Bormdinga 
taken in the Indian Ocean indicate tluit the con- 
figuration of its bed is not unlike that of the At- 
lantic. It is deepest between Java and Australia. 

It is believed that two valleys similar to those 
of the Atlantic traverse this ocean. As in tbe 
Atlantic they are nearly parallel and extend in a 
north and south direction, while a ridge indicated 
by the Laccadive, Maldive and Ghagos Islands 

tMparatcs tbem. 
[ Bed of the Pacific— Of the bed of the Pacific 
we have little accurate knowledge. Judging from 
the multitude of islands, great and small, which 
diversify its surface, we know that a corresponding 
number of rock masses, miles in height, and 
shaped like gigantic columns, must rise abruptly 
from its floor. 

The crnises of the Challenger and Tuaearora 
revealed the fact that in the bed of this ocean are 
tbe greatest depths hitherto measured. The deep- 
est soundings of the former showed a depth of 
t 5^ miles ; those of the latter, about 5J. No 
mplete survey has, liowever. been made as yet. 
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VII. WAVES AND TIDES. 

1. Waves. — "The troubled sea that cannot 
rest " has ever been the emblem of unending 
movement. Waves, tides, and currents incessantly 
disturb it. 

Wavai are caused by the wind. — The wind 
strikes upon the surface of the sea, and thus pro- 
duces an ulteruute downward and upward move- 
ment of its waters. A mass of water moved in 
this way is called a wave. The elevated portion 
of the water is called the rresl ; the distance from 
one crest to another is the hreaillh. The depres- 
sioTi between two crests is called the trough. 

Wave-movement. — The rolling in of waves 
upon the beach produces the impression that the 
entire body of water is moving toward the land. 
As we shall see, however, when we come to con- 
sider the subject of tides, it may actually be reced- 
ing. Wo must, therefore, distinguish between 
the motion of the wave-movement and the motion 
of the water. 

To iUuslrale : If we produce a ripple upon the 
surface of water in a basin, bath, or pond, the' 
ripple will travel from edge to edge of the water, 
and communicate an undulating or wave-move- 
ment to each portion of tbe surface. But thfl 
water itself has no progressive movement. 

The action of a breeze upon a field of wheat, 
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or tall gTBBfi, illustrateB the lo&tter Tery lorciblj. 
The wioil pauee OTer the field, and each stalk and 
blade ben<l« alternately down aud np, thus forming 
depreseions and waFe-cregts. Yet there la no 
onwxrtl moveuKnt of the stalka. It ia only the 
motion that trarela. 

Thoee poriiona of the vat«r, however, vhich 
actually reach the shore, do poeeess an onward 
movement. Inttteud of being driven against an 
adjoining mae&ot water, they cneoanter the solid 
bottom. Tims the lower part of their mass is 
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retarded, while the npper part moves onward, 
curls over, and dashes as a bteaker upon the 
beach, 

TuK IlKiciitT OP Waves depends mainly upon 
the force of the wind, and the depth of the water. 
In gbneml thi^y Mm not more than 8 or 10 feet 
high. The higlioxt known ure Ihoso off tiie Cape 
of rtooii Hope, where lliey nro aiiid to attain the 
liuiglit of more than 40 feet. 

TllK Vei^citt of 'WAVE-MOVBKENTa depends 
(1 ) on the velocity and force of the wind ; and (2) 
npon the depth of the water, aud its freedom from 
olwti'uetionB. In the open Nca the advance uf a 
wave-nioyement is more rapid thun in one oI>- 
itmcted with islands. The rate of wave-travel is 

itimnlffd at from IS to upwimlit of 50 miles an 
lonr. 

Effect of Wavf^movementb.— 77te uiave-viove- 
unti Iff thf vrean art inmnsuiU. Even where a 

rfcct culm prevails, there 'm a ceaseless move- 

mt of the water, which, like a great pulse, keeps 
I Hurfaoe constantly rising and falling. This 



heaving is commonly known as the ground sweU 
of the ocean. 

Waves agect the gvrface cliieflt/. The highest 
waves in a storm have no appreciable effect in 
water more than a quarter of a mile in depth. A 
wave 40 feet high and a quarter of a mile in 
breadth would not, in all probability, disturb the 
smallest grain of sand lying on the sea-bed at 
a depth of 200 fathoms. 

3. force and Work of Wattes.— The 

heaviest billows beat against 
the shore with a force varying 
from 600 to 6,000 lbs. to the 
square foot. They dash the 
rocks to pieces, and grind them 
into sand, which is transported 
by the currents of the sea to 
other parts of the world. 

All the sand, many of the 
stratified rocks, much of the 
clay and soil, with which the 
rocky skeleton of the earth is 
clothed, have at one time or 
another been broken or pulver- 
ized by the action of water. 

The waves have erected on some 
shores JunM or hills of sand; else- 
where they have filleil up harbors. 
On the shores uf tlii^ Bay of Biscav 
whole vil]Rgx.'s have been over- 
whelmed. 

3. The Tides are gigantic 
wave-like movements. They differ from windwavee, 
(1) in their extent ; (2) in their regularity ; (3) in 
their cause. In a general way it may be said that 
two vast waves, each having its crest aud its de- 
pression, together encircle the globe from north to 
south. These two ceaselessly chose one another 
over the broad expanse of the sea, occasioning two 
elevations and two depressions of its waters in the 
course of about twenty-five hours.* From the 
fact that these elevations and depressions occur 
with regularity about one hour later each day, 
and thus rudely murk the time, they are called 
tides, from the Anglo-Saxon ttd, time. 

The elevation or rising of the water is called 
high lyr food-tide ; its depression or falliug, low or 
ebb-tide. These occur alternately every six hours. 

4. Cituae of Tides. — 77ie tides are mainly 
due to the infiuence of the moon. The sun also has 
a tide-producing power, but it is insignificant com- 
pared to that of the moon, owing to the fact that 
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the Sim is 400 times farther oft from the earth than 

the Djoon is. 

The moou is comparatively near to the earth. 
Let UBsee then how, in consequence of this, she af- 
fects its waters. 

High Tides. — As represented in the illustration, 
the opposite sides of the earth have high tide at 
the same time, and low tide at the same time. 
High tide occurs at A, on the eide of the oarth 
toward the moon, for this reason ; the moon is 
nearer to the water on that side of tlie earth than 
it is to the centre of the earth. Hence the moon 
attracts the water more powerfully Ihan it does the 
earth, and the water bulges forward as a high tide. 

But why is it higli tide also at B, on the opposite 
side of the earth F In this case the genera] mass 
of the earth is more powerfully attracted by the 
moon than the water is, and the effect is as though 
the earth were drawn away from the water; so that 
here also the water bulges forward as a high tide. 



tide-producing forces. Hence we have what are 
known as the spring tides. During these the flow 
is at iU maximum. When, on the other hand, the 
moon is entering her second and her fourth quar- 
ters, the two forces do not act in harmony, and we 
have in consequence the neap tides, in which the 
Sow is greatly less than in the spring tides. 

5. OHgin of the Tidal-Wave. — In pursu- 
ance of regulations established some years ago by 
the authority of the British government, observa- 
tions were made upon the tides, night and day, for 
a whole month, in all parts of the world. These 
observations led to the conclusion that the tidaU 
wave has its cradle in that great expanse of ocean 
that surrounds the Antarctic region. 

6. Movement of Tidal- fTaue,— Starting 

at the point of its origin, let us observe the progress 
of the tidal-wave as it passes from ocean to ocean 
round the globe. 




Low Tides. — Half-way between the tidal wave- 
crests or high tides, there are depressions, as rep- 
resented in the illustration. These occur where 
the water is drawn away to form the high tides. 
They create the low tides. Like the high tides 
they take place twice in a lunar day, at intervals 
of a little more than twelve hours. 

^uirfewcf!. ^Evidence that the moon chiefly is 
concerned in causing the tides is to be found in the 
facts (l)that hightideoccursat any place nearly at 
the time when the moon is over the meridian of 
the place ; and (2) that, at full moon and new 
moon, the tides are higher than usual, 

Sfriko and Neap Tides. — A marked phe- 
nomenon of the tides is that the intensity of the 
movement varies. Three days after full and new 
moon the flow or rise of the water is far greater 
than usual. This is explained by the fact tliut 
when the moon is new, as in the illustration, and 
when she is full, the sun and moon combine their 



The "chart of co-tidal lines" on page 59 will 
be found useful in doing this. These lines con- 
nect places which have high tide at the same time. 
They represent tlie crest of the tidal-wave. In the 
waters about New Zealand, the biiih-place of the 
tides, and to the northward as far as the Tropic 
of Cancer, they show that the tidal-wave extends 
nearly north and south. As it advances, portions 
of it are retarded, or deflected or even repelled by 
reefs, islands, or continental shorca. 

The deeper the water, the more rapid is the rate 
of the tidal-wave. This is indicated by the hnlg- 
ing of the co-tidal lines. The distance between 
any two lines is the distance traversed in an hour. 

With our eye upon the chart, let ns now follow 
the movements of the tidal-wave in the three great 
oceans, the Faciflc, the Indian, and the Atlantic. 

Pacific Ocean. — In the Pacific Ocean the tidal 
movement is more regular than in either the In- 
dian or the Atlantic The general course of the 



wave, hovever. Instead of being due west, ia north- 
westward. The long crest extends across the ex- 
panse of the ocean, and advances toward the shoi-e 
of Asia. In three hours after it has broken upon 
the coast of New Zealand, it readies Sidney and 
Tokio. 

The Ulands and continental masses on either 
side of the Pacifio busj'n retard its movement, 
whereas in mid-ocean, as indicated by the bulging 
of the curves, it advaneea with vastly greater 
rapidity. When, for instance, its northern ex- 
tremity has reached San Francisco, its centre has 
bulged 4,000 miles to the westward. 

It will be seen that one portion of tlie wave is rsflected or 
repelli?<I in a south- east«rlf directioa >i> tlie shores ot South 
America. The cause of this ta not understooil. 

Indian Ocean. — In the Indian Ocean we ob- 
serve the same general phenomena as in the Pacific. 
The tidal-wave advances to the north-westward. 
Its centre crosses the main body of the Indian 
Ocean with rapidity. Its extremities are retarded 
by the shores and islands which it encounters. 

Atlantic Ocean.— In the Atlantic, as in the 
Pacific and Indian Oceans, the tidal-wave has a 
north-westward direction. It traverses the length 
of the ocean from south to north in about twelve 
hours. It travels, therefore, at the rate of about 
500 miles an hour. 

Owing to the narrowness of the Atlantic bnsin 
and the irregular contour of its shores, the tidal- 
wave encounters many retarding and dcBecttng 
obstacles, 

North of the Equator a portion of the wave, fol- 
lowing the narrow channel between the shores of 
Europe and Africa on one side and those of Green- 
land on the other, assumes a north -easterly direc- 
tion. 

On the western side of the North Atlantic, the 
tidal-wave travels faster than on the eastern, for 
the reason, it is supposed, that this part of the 
ocean is deeper thau the other. It reaches New- 
foundland on the west in latitude 48° north, when 
it is no farther on the east than Cape Blanco, in 
latitude 21° north, on the African shore. 

7. Speed of T/rf«f-ira*fe.— Since the tides 
follow the moon, they have to travel round the 
earth from east to west in the same time that she 
appears to revolve round it, viz., twenty-four 
hours and fifty minutes. The tidal-wave, there- 
fore, in equatorial seas, would, if it were unob- 
structed, and could pursue a direct course, travel 
at the rate of 1,000 miles an hour. 
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It be borne in tnind, however, rhat tlin water h 
* only on iropcnxptible progressive motion 



the moTement or undulftljoci, not the wU«r, that 
this hif^h rate ot speed. 

The waving grain, as it bends to Ihe breec 
HD undulation tli&t travels aorutt Ihe field taster I 
you eau run: l>ut the stalks are rooted: thcjr onlj s 
liackwnni and forward lo the breexe. So it is with t 
deep aea and its swell. 

When, however, 
tidal-wave comes ] 
the shores, where i 
water is shallow 
confined, a change ( 
curs. Theundulatioaa 
retarded, but the moti4| 
of the water is vastly i] 
creased, and it sweepsa 
a current along the cM 
tinental shores and i 
thebaysand rivers. ' 
current gains inspeedd 
the tidal-wave loses. 

The current oftend 
tains unusual speed i 
pai^sing headlands, 
then the term race 1) 
commonly applied to it. 
Such an accelerated cur- 
rent moves from six to 
eleven miles an hour. 

S. Bet ff Mo/Tides. 

— In tho middle of the 
Paciflf Ocean the rise of 
the tide is somotimeslese 
than a foot ; in the At- 
lantic, near St. Tleleua, 
about three feet. On the 
other liaud, between the 
converging shores of 
narrow seas and bays 
the water is sometimes 
heaped up to the height 
of from twenty-five to 
forty, and, in the Bs; 
of Fvindy, from 50 to 
no feet. 

The Mediterranean and tin 
Bed Seas, however, vith thdi 
narrow and shallow entrances, almost cut off the tidal-wav* 
of the ocean, so tliat neither in the eastern part of the 
Mediterranean, nor at the bead ot tlie Red Sea, is there Bar 
regular ebb and flow of tides. 

In the CJaribbean Sen and Quif of Mexico, likewlM^ tb« 
tides are quite feeble, owing probably lo the fact that thMS 
abeels ot nater are protected from the tidal-wave b; tbs 
West Indies. 

Differences on the bame Coast. — ^Very great 
differences exist between the tides at various pointa 
of tho same coast. On the shores of Florida th« 



Oleaabvlght,]! 



WAVES AND TIDES. 



rise Is not more thiiu about three feet. It incrcuGCB as 
we go northward, until we reach the Bay of Fundy, 
vhoro it attains its maximum. [See Chart, p, 58.J 

At some points on the shores of Great Brituin 
there are tides of great height and strengtli, while 
at others close by. the rise and fall are barely per- 
ceptible. 

The rise and fall at LiTerpool are 28 feet ; in the 
Bristol Channel, 40 feet ; at Wieklow, on the oppo- 
site Irish coast, only two or three. 

Causes. — To account for these differences various 
IS may be saggestcd : the form of the bottom, 

V projet'tion of headlands, the narrowing of 
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ordinary velocity. People crossing the dry bed of 

the river Dee, in England, are oft«n oTertaken 

and drowned by the inrushing water. ~ 

The casG of the Amazon is of special interesl. 

The tides ascend this rifer to a greater disUnc* from H 
sea IhHn nny other in the world. Tide-water extends i( 
700 miles up ttin current ; and the singular phenumenon M 
presented of there being several tidea (Sir John Henchel saji^ 
eight •) in the river Ht the same time; fgr bi-Iore the flood' 
o( one has reached the end of its 700 miles' journey, sevt-rml 
other tidal waves, eiicti in succession bring5ig high tide witli 
it, have had Lime to ent«r. 

A tidal-wave of great height Bometim 
enters the moot h of a i'itm' 
and ascends its channel^ 
as a perpendicular wall 
of water. Such a tidal- 
wa.\i^ in known a& a bore. 
Among the most remark- 
uhlc are those of the 
Hooglv at Calcutta, th» i 
Garonne in France, thai 
Tsien tsuiig in China, J 
and the Amazon. 

At certain times bores t 
U) 1 ij feet high ci 
into the channel of the I 
&i*in on the top of the ti 
btmetimes as munf as flvi^.l 
(JO r 40 miles apart, dash Vpi 1 
the r ^er, capsizing sm^ 
craft as thejr go and spread- 
ng con'^rnation among Uw 
watermen. 
The bore of the Tsien -b 

greater than that a 
the Amazon. It spans I 
river with a feather-while al 
roaring wall ot water, 80 1 
high, and travels at the r 
of 25 miles an hour. 



channels along which the tiiial current b forced, 
and the position of those channels with reference 
to the direction of the tidal wave. 

A glance at the map shows, for oxamjjlej that 
were the tidal-wave propagated from the northeast 
instead of the southweat, the Bay of Fundy would 
cease to be celebrated for the height of its tides. 

The pecidiaritlcs of a shore are sometimes such 
a complete sundering or division ot the tidal wafers. Two 
eurrenU are Ihus formed. In some cases these meet again 
after their division and give rise to a tehMj<ool. CTiarybdis 
in Ibe Straits of Messina, and the Maelstrom among tlie 
Lofodcn Isles, are illuslrations of this phi 



i). Titles of' liicern. — The tides of some 
rivers present interesting peculiarities. 
They enter certain river channels with extra- 
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Csnie ot high tlilea. Low Ild«. Evidence. Spring 
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Vlir. CURREKTS OF THE SEA. 

1. TliP Currents of the Sea,— There arc 

rivers in the sea. They are of such magnitude 
that the mightiest streams of the laud are rivulets 
compared to them. They are either of warm or 
cold water, while their banks and beds are vrater 
ot the opposite t-emperature. For thousands of 
miles they move through their liquid cliannek un- 
. mixed with the confluing waters. Tlioy arc the 
horizontal movements called currenls. 

The mariner can sometimes detect them by tho 
different color of their stream, while, if they give 
no Eiich visible sign of their existence, he can trat^e 
them by testing their temperature with his ther- 
mometer. 

Classification. — The chart on pages 62 and Ca 
exhibits a general view of the oceanic currents. It 
presents these facts : 

(1) there ia an equatorial current sweeping from 
easf; to west all along on either side of tho equa- 
tor, and well nigh encircling the globe ; 

(2) there are polar currents setting from the 
polar regions toward the equator ; 

(3) there are return currents Betting from the 
equator toward tJit: poles. 

Courses of Cl'rrents Modified. — The chart 
shows tliat us in the case of the tidal-wave, so in 
the ciise of oceanic currents, the shores of conti- 
nents and islands have marked effect in modifying 
their normal couraea. These are also modified by 
tho rotation of the earth. 

Effeel of Rolaliim. — Ijet us bm what Uie eHect of mt*tion 
ta. If Iwd trains Hre moving on parallel tracks in the sdme 
direction ami with tlie sarao speed, ao objoct thrown or a 
ball shot " point blank " from oiw to tha other may strike 
the point aimed at. But U tlie traiu from which the ball is 



shot be going 89 milee an liour, and the other cmly IS, the 
ball from the fliat will strilce In adTance of the pdat aimed 
at. If the direction of the trains Im eutwaid, then the ball 
will strilte ft certain distance to the east of the point aimed at. 

This ie what occurs when wat«r starts from the equator 
toward the poles. It rotates tuwanl the east at the speed 
ot 1,000 miles an hour. Passing to either pole, therefore, it 
has a higher r^yitetA of rotation than belongs to the latitudes 
which it reaches, and lienee it lias an eHstwanl moTement. 

It now we supiKixe the bail to lie discharged from the 
slower train, it will obviouslv fall liehind, or to the west- 
ward of the point aimeil at. This is what occurs when water 
startH troin either jiolf to the eiiuator. It tias the slower ro- 
tary motion of the pole, and, as it approaches the equator, it 
constantly eiiters latitudes which have a higher speed of 
rotation. They jiass it by, and it la;^ to the westwanl. 

Ileiirr currFiiU moring to the piih* dtrivr. from iiilaliou an 
taiiirard trend : IKote moi-iug In Hit equnlor a letatieard. 

Note.— In treating of oceanic currents it Is Important lo ob- 
■erre the method ot naming them. A ofirthevt wind coma 
jVunt the northeast, a norlbeut current goa lomird the norlh- 
east. In otlier wordn, wlille the winds ari: named according to 
tliu poluts from wlitch they blow, ciirreuts nte named accord- 
ing 111 the quarter tiiwaril wbicli tliey flow. 

2. Currents of the, Atlantic. — Vt'e will 
now consider the currents in the several oceans. 
For convenience we begin with the Atlantic. 

The Equatoki.vl Cu krent crossing tJiis ocean 
between the shores of Africa and South America 
strikes the latter continent at Cape St. Roque. 
Ilcra it divides. One portion passes southward, 
following the coast line of Soutii America. It is 
named tlie Brazil Current. Its waters, reaching 
the Antarctic regions, are carried back with the 
polar current which sets along the west coast of 
Africa, toward the equator, 

Tiie other portion of the Equatorial Current, on 
leaving Cape St. Roque, flows northwestwardly. 
It is divided by the West Indies, Its main section 
enters the Caribbean Sea and the Gulf of Mexico, 
and from these it issues through the Strait of 
Florida as tho well-known (lulf Stream. 

Between the two liraiiches of the iOquatorial Current in 
all the oceans there is a slight eastward counter current. 

Tub (tULF Stkeam. — vVmong the return cur- 
rents whicli carry the ocean waters from the equa- 
tor to the poles, the Gulf Stream is the most re- 
markable. Issuing from the tropics, this current 
crosses the Atlantic in a northeasterly direction. 
On leaving the Strait of Florida, it takes a conrse 
nearly parallel to our Atlantic seaboard. Reach- 
ing the latitude of Xewfoundlaiid, it turns more 
directly eastward. (See Recent Facts, p. 1.) 

North of the Azores It becomes blended with 
the nortlieasterly drift of the Atlantic, and the 
united current divides. One branch passessonth- 
ward, skirts the western shores of southern Europe 
and Africa, and then, veering to the westward, finds 
its way back into the Equatorial Current, The 
other passes on to the northeast, bathes the shores 




IJIKSTIOK'' QS TUB CuRBRSTB OF TUK fiUJi. 

Atlnntlf^ Oeewn.—Whal currents carrj the Arctie 
wnUTs iiitji the Allantie; Tnuv Ihe course of Ihc Equa- 
t«rUI Current. What does it Iwiumc cut of Iho Uniti-d 
States? Describe the cnnree of the Gulf Stream. 

VTliol (-■iirrrnl liathes the tKiiilti-eajflem shores ot South 
rurii'sV Whi'r.- iloos it iiriginaU'? [iita whiit ocbwi 



does it pass? What current lirings Into the Atlantic l,hr 
water or the Antarctic? Name the warm currents ot the 
Atlantic. The cold currcntB. 

Pacific Oce««.— What currents form the Equa- 
torial Current ot the Pacific? Where do Ihey blend? 
Describe llic course of Ihe EfiHatorinl Currcut. Where 
ilr-e^it rtivide? Name of the Kvulht^rii lintnch? Ot Ihe 
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northern? Traiw the Ja[«in Ciirrenl. Wliat name does 
It receive off (ho coast of Alaskn? Deacnbo its course. 
Does the current west o( South America uiake the neigh- 
boring shorcH warmer or cooler? Why? Show how the 
Pacific system of luirrenta resembles that of the Atlantic. 
I that enter 



the Moxsmbique Current. Of llie AuBtmlian Currents. 
Ilow are the eurrenls affected iu the Bay ut Bengal anil 
the Arabian Sea? 

Where do jou flud Sargasso Sens? Why should ll 
lie where they are? 

Tell into whiil iiceans the drainap! of pucIi i-nntini 
passes. What rrgioun linve no iM'eau rlniinngc? 
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ut th« Brituh lalm utd northern Europe, luid 
Mttvn thv Arctic bnsiti. 

i)t'«MWM*NA — The leugtli uf the OulT Sireum. 
fruu th«nuU tn tlic Ax*>n«. U Hbout :t.O<Ki miles. 
Its bnmdth in the Stnit of FlorliU is nboat 3^ 
tnilvft. Ill its ptvijcrws it coustwitlv iticTcases in 
bnvdtb. till, iu ih« middle of ih« Atlantic, it ts 
liO uil«^ t^-roie, Tbe depth i* aboot i,i(v feet 
ikcao' the stntit^ This luitunUl.T dimintsbes ns 
thf width itK-rvasr^. Off Ch»rkiaoa it i^ reduced 
to l.SOO fMt. 

In TtdnitM' thr <>tilt Strvam vxwnU the Missis- 
sippi iimr\> lh«a I,<tOO times. 

n» ifmftnUmrt iif the sarfam waters of llie 
(tall Strv«m. «» tfa«y [Hk^ the Strait nt Florida, 
is sntariimiPi as hi^eh a;:!: .'U' Faiir. It is a Hverof 
warn wat«r. and n-tains its warmth in a netuark- 
attic maBtwT. Oif I'afir ILittem^. ^nd wtimi ns far 
a« tbc (Irand Bankf. its tKUprnture ts 15% 30= cw 
CT«« 3it' higher than that of iIk atmo«ph«rv. 

Tbp sioriBS up uf bfwt befitts. no doubt, while 
Ihir titilf S(T«an u A part of tfa« Ei^natoriaf Cwt- 
TUt, and c4MitiBB«« all the time that it» waters 
arv wspoded lo tb>r imfwcml fun, whether in the 
Atbntic. the Canbtwan c>m. or the Gulf uf Mes- 



■ootbero point of Greenland tb«se cnrrenu unll 
and advance m far as the Ursnd Banks. 

Here «ue portion of the Doited £tr«im sitill 
below the warmtir and tighter waters of the (tttf 
Stivam, and pursaes lis uoarsc to the tropica i 
an nndercurrent. The other portion tiimeaoatl 
west and follows closdv the CAStem coast of Xoi 
.\m<?riai. keeping between the gborvs and the Od 
Stream, as far south as Cape Battrra^. wbero 1 
passes under the t^ulf Stream and continues itaw 
to the equatorial reruns mainlv as an undi 
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(^■■r.— Fixwi Ihw OnU op to tbr Canilina coaste 
the ntMV »t lb« Gnlt Suwn an of an iadi^ ' 
btac : aad ibe liae wkk-b marb tb» dtrieiaa be- 
twi— ilMroi and the vdi^e «f Ibe i«6hMw vaian is I | 
natti— ar m «harp thai nw rmn diitt^ruBfc wfac 
oM-^ir lb* Tcwei » in Ibe GuU SmaM and tbe I | 
•cb«r bs ck tbr <-wot Itunral watars. The tiar «( 1 
ihwukwriiiH a $M wcU-daCaed tint — ngatart in i 
the «Uni t3n«», wbea boCb iBStruawBte awl 
■itihw d* tar Aec«fiKiBia$ laafiMde at tea w<ere 
rvda. Med iu jvdge br i« af tkeir Ifpfit- 

qf^m.—Th* uAms «i tbe GaU and Atfaatie 
Didk Stnaai an tww : {1} it tmmus tW waAas 
«r tW wni aae lato iW Antir Oeewt : f?) it Tb» «vf*M Mpfbca ife Baifcett of 2 
i» iW irrai bai l f M^ r i ar mt ibe Xonb AiJMWit land «ub tb« cbMtwi f^ «( the an* a 
Ckaaa. to tbe eaH« af XaMc ks Mgatarij caol « 

* "^ bM« Mc eaa«w««i by tanpMalata. 
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Ftmb dw Jmimttii. as frMt tba J 
w mfta a* Smt af ic; i 

Aire «f JUrxA. faaaes ^ttikveetwmi^.' ' 
a»d r—trbaiai la hrm ne BfaiwriJ Cvmmt at 
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s general resemblance to those wbich we have 

noticed in the Atlantic. 

An Equatorial Ccbrent starts westward 
from that portion of the ocean lying to the south- 
west of Mexico. Like the corresponding current 
of the Atlantic it divides. One branch paseee to 
the southward. Bathing the eastern shore of 
Australia, it is called the East Aualralian Cur- 
rent. .Between Australia and New Zealand it 
blends with the Antarctic Drift 

The northern branch of the Equatorial Current 
pursneB a course not unlike that of the northern 
branch of the Equatorial Current of the Atlantic, 
Passing the Archipelago off the southeast coast of 
Asia, its main bndj turns northeastward, and. 
en-eeping past the Japanese Islands, receives from 
them its name, Japan Current. The natives of 
Jiipan eall it, from the dark blue color of its 
waters, Kuro Siwo, i.e., Blaeic Stream. 

The Japan Current is the Gulf Stream of the 
Pacific. Like that stream, it has the twofold office 
of water-carrier and heat-bearer. It transfers the 
water of the central and western Pacific to its north- 
ern and eastern portions ; and with its warm waters 
it softens the climate of the Aleutian Islands, 
and of the northwest coast of America, just as 
the Gulf Stream does that of western Kurope. 

PHssing the Aleutian laknds the maia volumi^ of the 
Japan Current reteives the nitino at the Aleutian or North 
Paeific Current, and takes a southeaatwardtj course, 
RtAching the coast, it gives t^ southern Alaska its enor- 
mous annual rainfall and its abundant timber growth; it 
waters Washington and Oregon; and then, veering to the 
westward, becomes again a. portion of the Equatorial Current. 

Polar Cl-krenth.^A small surface current 
issues from the Arctic Ocean through Bering 
Strait. It flows between the Japan Current and 
the eastern shores of Asia, like the polar current 
which flows between the Gulf Stream and the 
shores of America, and, like the corresponding 
current of the Atlantic, it teems with excellent 
fish, thereby vastly increasing the capacity of 
China and Japan to sustain population. It brings 
down field-ice from the seas of Okhotsk and Bering. 

From the Antarctic a broad drift fiows toward 
the equator. Off Cape Horn it divides. One 
branch passes into the Atlantic ; the other, the 
Humholdt or Peruvian Current, enters the Pacific. 

The Humboldt Current carries its cool Antarc- 
tic waters all along the west coast of South Amer- 
ica from Patagonia to the Galapagos Islands. 
These waters, when they touch the equator, are 
fltill too cold for the coral polyp to inhabit. 
Hence the whole western coast of South America 
is without coral reefs or coral formations of any 
kind ; though in the same latitudes, at a distance 



from the coaBt, where the waters are warm, tlie 
ocean is alivo with the tiny masons of the deep. 

Near and at the equator the Humboldt Current 
is deflected to the westward and becomes part of 
the Equatorial Current of the Pacific. 

4. Currents of the Indian Ofean.— 

The Indian Ocean has no snch well-defined system 
of currents as the Atlantic and Pacific, North of 
the equator the direction of the flow is determined 
by the monsoons. South of the equator an Equa- 
torial Current, emerging from the East Indian 
Archipelago, sweeps to the westward. Reaching 
Madagascar it branches. The eastern fork passes 
to the southward and merges with the Antarctic 
Drift. Tlie western flows along the eastern coast 
of Africa as the Mozambique Current. Leaving 
the Mozambique Channel it becomes the Aguihas 
Current, and south of the Cape blends with the 
Antarctic waters. 

A branch of the Antarctic Current, setting to the north- 
wesl.wurd. and becoming the West Australian Cnrrent, 
pours its icy flow into the Indian Oeean. 

/». Counter Currents.— la each ocean tra- 
versed by an Equatorial Current there is a slight 
eastward counter current. 

6. Oceanic Circulation. — From this gen- 
eral survey it appears that there is a complete sys- 
tem of circulation Jy which the waters of the equa- 
torial and polar regions are incessantly clianging 
place and blending together. 

7. Causes of Oceanic Circulation.— 

The main causes of oceanic circulation are (1) dif- 
ference of specific gravity ; * (3) the influence of 
the winds. 

Difference of Spkcifio Gravitt is the 
chief cause. 

Wherever the waters in one part of the sea differ 
in specific gravity from the waters in another part, 
no matter from what cause the difference may 
arise, or how great may be the distance between 
two such parts of the sea, the heavier water will 
flow, by the sliortest and easiest route, toward the 
lighter; and the lighter, in its turn, will seek the 
place whence the heavier came. 

In other words, from whatever part of the »ea a 
current runs, back to that part a current of equal 
volume must flow. 

CuANGEs IN Specific Guavitt are mainly 
brought about by (1) heat and cold ; (2) evapo- 
ration and precipitation. 

Effects of Heat and Cold. — Sea-water when 



•Twobodletareuld to differ In »p«Ule gnrlljr wbcD eqail volumsa 
rths tHod<lIt:rln wrl|{hl. A gsllnn of hII witer. Iiireiunplp, w?i|;hi 
lore tb»D a KSllim ot tnSb wsKr. A pint of naWi weighs aboat ■ 
auDd : ■ plal of qnlckailnc welgba iibont tbirtna ponndr. 
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heated expands. A giTen volume of such heated 
water, if it contain the same proportion of salts as 
an equal volume of colder salt-water, will weigh 
less. On the other hand, when sea- water is 
chilled, it contracts and becomes heavier. 

The average temperature of sea-water is for 
polar seas about 35'. for equatorial about SO'. 
This difference of temperature is permanent, and 
the difference in specitic gravity of sea- water at 
35". and sea-water a: n>\ is vtrrv srreat. 

The c*?\d *.'{ :h^ p"*Iar rv-p"n>. thvP>-forr. an-i the- heat of 
the tropics aiv IW'> j->werfi;I avA »-v»-r-a<.^::ni: cau-se? which 
pi>>iart on^'.Aii: di<:urt.«ar»'"v- ••f •.-•i';:lii.'rj;!n in iho water? 
of thr -x^Ar.. Xrt.T-^sarllv :hv^- will i\-?'ul: f r :c this d is- 
turi<ince a r-«:ver-^-eA<inj: n:vVcn:«rtit ••£ :ht t-«.«iii waters 
towari the warm, and 'A the ^Ann •.■•war»i :hr <.-• -li. 

Efft*:l •/ Er'7j'*'mti'n. — If vmu fvar-'jrate a 
quantitv of sea-water L-omDletoIv. vou have S4;»I:d 
saline matter ri.-ma:i::ni:. In pr.-iMjriion thrrefore 
to the amount of evaiN.ni ::...:; jro: nz on ur»on its 
surface, a tHidv i;.f sra-water wi'.I h^ more or less 
dense, and C'"'nM:-«";:;entlv more or less jit-avv. 

Eff*:''t "f Fr*'^k}'itntioH. — PrecipitaiioL. <.»r the 
ppx-ess by which moisture is returned to thtr 
earth in the form of niir.. sn^w i,.r hail, also 
chanires the srieoiric iravitv of s*-a- water. 

If upon any pan of the f-:-eaii a lar^e anio:;nt 
of rjin falls, --r if rivers :!"W :-:-.. it. the sea- water 
becomes less salt ani therefore lisrhttrr. 

riHsiraiu*'**. — StrlkiLi: illustra*:^.* f :hr r*e:: f 
eraf oration ar. : r re-- ::•::*::■:•:: i:: jr*:-::::^ v^irrv.L*.* ar^ 
fomisheti tr \z.r K<r:. M-'iiitcrRii-.-rir. ani Bal::: >►.■».<. 

The Reii S^a lie* -n-irr a r:;m::,j f-r.. I: :? h.rrl^* an-: 
alm'-^t raiiilr?^-. whilr the rTa> r^i-.i r. fr:T. :: i? ■-.:.' rzi. -.-. 
To supply thr wa>:e oreat^i tirrviy. a <:-::-<: a-: -^rrv-:.: 
from the Ixadiau '.K.-raL. U dr^aw:, ;i.:... :t tLr.-ujh th.^ Str*::- 
c^ Babelmandec*. 

In the Meditemari-rjan al*.- rvar- ra*.:r. :* v.ry s:T*=^t. 
Inio ihis «a rains fall ar.-i riTrrs iw. NVvvrhrl-^rN*. tr.r 
npply from ibem is l. -: s-*.:t::: :• makt -:■ f r t:.- 1 -^s 
br eTa{M>ra:iviL The ief vi^:: ^y. thert ! . r^ . t-. =-trs :r. : hr-. usri 
tbe Straits of Giir^ltar as a ? -rfa-.r-^ urrvi.: fr;.i. :hr At- 
lantic. 

The water c-f ihe^ two s^a-, alter :t hAS sriirlir*: the 
winds with raf^T. c»pc»:-zir^ ?Alter ani iraT-Vr thai, it w^* 
before: ii ^inks *r>i t*c*:«r? l*fc.k ii.:- th- •.•rai. a^ an 



rr tr>r wfcter 



With th* Balti-: :b* :!*#^ > rtvrr?-?-:. Tu-rr 
» «ce:r«»i fr«:<:: th- rlT-rr? ar.i ti-r rair^*, i 
siBcieci to t^A=.>:!ie tbe l:t56 t y rT^i. rat:-. n. 
thmforc, we ha^e :i* iil-te*I ai. i lighter -.ra-wat-er 
from tbe BaIik a$ a «wjfao«r-. ::rrc:.t. whilr: ai. 
<rf SAliier w»:c^r *r.:tr? fr ::; thr X: r.h Se*. 



K^rr. 






We CUL now appnwiate wiiat must r-e tht? effect 
cCevi^ontioa mnd prrcipiiatiozi iLyozi the general 
of the ooeAn. 

the cqnaiCT and ihe parallels rf '25" 

theK is an amea of i:'l».«»j.«»:' 

Hoe there is more evaporation 



i& aad «Mtk 



than precipitation. The ease is similar to that 
of the Red Sea. 

On the polar side of latitude 50' north and 50^ 
south there is an area of 45,CMX».rXK) square miles. 
Here precipitation is in excess of evaporation. 
The case is parallel to that of the Baltic. 

Now try to estimate the total quantity of water 
that is taken up by evaporation from the one of 
these parts of the globe and poured down upon 
the other, and the disturbance created thereb}' in 
the equilibrium of the ocean. 

The effort to restore thisequilibrium is seen in the 
currents of the sea and the circulation of its waters. 

A mon: tu^r urate niKaj^ur^ of the work done bv 
evaporation is the entire annual rainfall upon the 
surface of the globe. 'Tiiis is estimated at ISC. 240 
cubic miles, or more than 51<'» cubic miles a dav. 
Reflei-i. then, that every day on the average this 
immense voiunie of water is bein^ uplifted by the 
agencv of evaT»r»ration from the surface of the 
•x-ean. and v.>u will be better able to estimate 
the prod is: ions influence wLieh evaporation must 
eiert in disturbin;;: ix-eauic equiiibrinm and pro- 
ducing turreiit*. 

.Nr'/*. — If, however, we trace this influence of 
evap^'ration arii precipitation baek to its cause, 
we nnd tiiat it is due to the presence in sea- water 
'■f the S"l:«i matter ki^-twn as salts. In a sea of 
fre-^L watvr the ohai.j*.-s ii. sj*»:-ific srravity upon 
wLi« h •'Ova:.:' ourre::ts detx-nd could not c»ccnr. 

For if t\v... vorti-jL? vf fresh water be evapc^rated, 
one mor*: thar. t:;e o:her. the siiecific g-ravitv of 
\jcyi\. will at the '.lose of the •.•i^ rat ion K-the same. 
But mix with the fresh water a «>.-rta:n amount of 
common salt : then ev;i{vrate one pt'rtion more 
than the other, ani a 'iifferen-r-e in the sjieeific 
rravitv of the tw... tw>rti'.'ns at once results. 

Just so anv diminutio:* of or addition to the 
sal :n ess of any j^:»rtion of the sea produces a 
L-hanire in its srH[-c:«o zravitv and a disturbance of 
its e<3uilibrium. IK-nje currents result. 

And thus evat-jration and r^recipitaiion reallr 
owe ti.eir >;»wer as c-auses of voeanic cinz-alation to 
the salts of the sea. The verv ser^aration from the 
sea- water **i s*>l;d matter f.-r sea-shells and coral 
r^-efs is a «.ont:nU'..us cause of ditferenoe in the 
STie'?in:- irravitv .. f the waters -f the •.•cean. 

1: ?*^r> n.T* liii- a vAj^kry :f thr fa^jyihan lb* stub- 
:> mrirsi •' fj^;t. t > say that s: ^rat a ria:;er as the circu- 
latkn vf thv wat-r :- tb* 5ta *h"^i .>r*ci>-i_ rT^n in the 
*l:ih:e^t -irirrt'T. -i<i. >-.h r:'r.-tc vr>r4t-n?* as the little 
ir-rml-TVcf l'.i:li-.r an- his tr/:it. Tit. l.x-k ^ the great 
Barr:-r-~ef :! A:.<:raklia. th-. .-. ral rxk*. Twf*u and islands 
■f thr Pa^i-- v»ta-. C-;:Lt-:=::latc th^ u'-iartity of ouuter 
r*^i:ii:v»i t-: li:" 1 th-.?* ?tr-.t -tv?w ar: : ^ay if :he takins of 
:: c--: vf 5»:l-tj.:: :^ :: -t scS^iTni i^* dismrt^ the whole 
5:<«ar» and y:,\ :: in =;:i..v:i::: 'r:=: thr e*;:;^aicr to the poles. 



CURRENTS OF THE SEA. 



Wisus A Cause op CuBBENTa. — The' Trade 
Winds are couaidered to be the producing cause 
of the Equatorial Current and its offehootB. 

Blowing inceesantly to the westward and meet- 
ing over lliB equatorial regions, they impart to the 
waters beneath them a gentle but continuous west- 
erly movement, Keuoe the Equatorial Current. 

In those parts of the Indian Ocean that are 
within the monsoon district the currents are con- 
trolled by the monsoon winds. For sis months 
they flow in one direction — for six months in the 
other. (See Chart of Ocean Currents.) 

Other winds produce irregular currents. You 
may yourselves have observed the effect of the 
wind upon rivers, ponds, or canals, in piling the 
water up on one side, or at one end, and blowing 
it away from the other. 

In great slorms at sea the winds drive the water 
before them, and they sometimes pile it up many 
feel ubove its usual level. 

Our nautical works tell us of a storm which tinrafU the 
Gult Stream back into Iho Gulf, and piled up the wat*r to 
tile hcigllt of 30 feut. The L^hury sttempted to ride it 
out. When it iibated, she found herself high up on dry 
land, and diBtovered tliat shi- hwJ li^t go her anchor among 
le tree-tops on Elliott's Key. 

The Ploridft Keys were inundated many feel, and it is 
eaid the scene presented in the OuK Stream, on that occa- 
«ioii, wae never surpassed in awful sublimity. 

le water dammed up rushed out with wonderful velocity 
Bgainat the fury of the gale, producing a sea ttutt beggared 
description. 

8. Office of Ocean €urrentii.~T\i6 great 
office of ocean currfnt.i in general is to modify cli- 



mate. Those from equatorial regions u 

of warmth ; those from polar regions are reducers 

of heat. 

9.' Sargasso Seas, — An interesting evidence 
of the circulation of the oceanic waters is to be 
found in what are known as Sargasso Seas, so- 



called from sargazo, the Spanish name for sea- 
weed. Those are vast collections of drifting sea- 
weed, which gather in those portions of the 
different oceans which are most free from the in- 
fluence of currents. 

If bits of cork or chips, or any floating sub- 
stance, be put into a basin, and a circular motion 
be given to the water, all the light substances will 
be found crowding together near the centre of the 
pool where there is the least motion. Like such 
a basin is the Atlantic Ocean, with its Equatorial 
Current, and its Gulf Stream. The Sargasso Sea 
is at the centre of the whirl. 

The Sargssso Sea of the Atlantic eiuhraixea an area of 
scverBl hundred thousand square mile* ; and though the 
weeds are all afloat and held by nothing, yet the Sargasso 
remains where it was nearly 400 years ago, wlien Columbus 
passed through it on his first voyage to America. 

During the author's researches connected with the 
"Physical Geography of the Sea," the eniatenee of 'our 
other Sargassos was established, viz.: one in the liuliari 
Ocean, two in the Pacific, and nuulUer in the AtlHiilic. 
[See Chart, pp, U2, 63.] 
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9. CoRenti of the Atlantic. 

The Kflualorial current. Point of dlvt. loo. Dcuill 
t.-uirvnt. TheOnltBlFeun. DlmuDeloDH. Tem- 



4. CuTTsnta of the Indiaa Oceau, 

i. Counter CorreDt*. 

6, Oceanic CircntatioQ. 

T. Caoua of Oceanic Clrcolatton, 

I'htet CBuee. Oonrnil !»«■, CauM* of dianEtii In 
tprctflc gnvlty RlTscta of heat and euld. Of 
naporallon. Of jirMlpltalion. IllDiIratlani 
from the It<;d, MedllGmneiin and BalUc 9m. 
SlTevt ot HalU In |>rnmo(lntt cbangcs of apecltlc 
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How caused. 

Nature of wave-motion. Height. Vdodty. 

Force and work of waves. 

Genersl description. 

Theory of tides. High. Low. Spring and neap. 

Origin of tidal wave. Movement in different oceans. Co>tida] lines. 

Speed of tidal-wave. 

Height of tides in different localities. Charybdis and the Maelstrom* 

Tides of rivers. Bores. 

Magnitude. Temperature. Classification. 
Direction. How modified. Rotation. 
Mode of naming. 

Equatorial Current. Brazil Current 
Guir Stream. Polar currents. 
General character. Australian Current 
Japan Current Polar currents. 

Chief cause. General law. 

Causes of changes in specific gravity. 

Effect of salts on circulation. 

Winds a cause of currents. Office of ocean correatai 



PART IV. 



THE ATMOSPHERE 



1. PHYSICAL PROPERTIES OP THE 

ATMOSPHERE. 

1. Tlie Atmosphere. — Wherever we go on 
the Borface of the earth we perceive that air is 
present. If we ascend above the mountain tops, 
or pierce the loftiest clouds, it is still with us. It 
envelops the earth. 

The entire mass of the air is commonly spoken 
of as the atmosphere. Its upper portion, which on 
a clear day is blue, we call the sky. 

Composition. — The first question which natu- 
rally occurs to us regarding the air is, What is it ? 
It was long thought to be an element, i.e., some- 
thing unmixed with anything, else. About one 
hundred years ago it was found to consist mainly 
of two gases. Names had to be invented for them. 
They were called Oxygen and Nitrogen. In every 
one hundred gallons of air there are about seventy- 
eight of nitrogen and about twenty of oxygen. 
Vapor of water and carbonic acid gas are also pres- 
ent in the atmosphere. The latter consists of 
carbon combined with oxygen. 

The vapor, besides its other offices, mitigates the fierce- 
neas of the solar rays by day, and prevents radiation into 
space, or the escape by night of certain portions of the heat 
that the earth receives from the sun daring the day. 

The plants, by means of their leaves, appropriate carbon 
from the carbonic acid. From it, and the water obtained 
through their roots, they elaborate fibre, fruits and flowers, 
returning the oxygen again to the air for the use of '* every- 
thing that hath breath." 

2. Weight of the Ai/t.-^AB we do not feel 
ourselves pressed down by the air, it may seem 
surprising that it has weight. Tet, in truth, it is 
very heavy. The famous Galileo was the first to 
point this out. A pump-maker wished to know 
from him why a pump would not raise water from 
a well which was more than thirty-two feet deep. 
Galileo concluded that it was because a column of 
water thirty-two feet high is as much as the weight 
of the air can balance. 

Barometer. — Torricelli, a celebrated pupil of 
Galileo, confirmed the conclusion of his master. 



He filled a tube, about three feet in length, with mer- 
cury. He then inverted the tube and placed the open 
mouth in a vessel of mercury. The mercury in the 
tube then fell, until it was about thirty inches in 
height. This column of mercury was sustained by 
the weight of the air, Torricelli thus discovered 
what is known as the barometer or weight-measure, 
(from the Greek haros, weight, and metrouj 
measure). 




TimiaOBIU*! BXFKKiJinfT. 



BABOMBTKB. 



Pascal, a French philosopher^ completed the 
work of Galileo and Torricelli. He argued that if 
the atmosphere has weight, that weight must be 
less on the top of a mountain than down at the 
base, and that, consequently, a less column will be 
sustained above than below. The experiment was 
tried upon the Puy de Ddme, a lofty mountain in 
France. It established the fact that the air has 
weight ; for the mercury fell about ^ inch for 
every ascent of about ninety feet. 



TO 



PHYSICAL PROPERTIES OF THE ATMOSPHERE. 



7%e weight of ihe atmo^here is commonly called 
its pressure. 

Amouht op Pbessube. — ^At the level of the 
aes the atmosphere presees with the weight of 
fifteen ponndB* upon every Bqature inch. Although 
its pressure apon the body of each one of ob is 
several thousand pounds, yet, in consequence of 
the simple law of nature, that the atmoBphere 
presses equally in all directions, we do not feel it. 

An Interesting consequence of the weight of the atmos- 
phere le the fact thnt the boiling point is lowered at high 
elevations. At atiout the level of the sea, water boils at 
213° Fahr. At Quito, 11.000 feet high, the boiling point 
la 194° Fahr. On the top of Mont Blanc, nearly 1S,000 
feet high, it is 180°. 

Tfala arises from the diminished pressure to which water 
Is subjected at great elevaUons. It has the inconvenient 
eftsot of making it impossible in such situKtions to cook by 
bculing. 

Variations is Pbessube.— Variations in at- 
mospheric pressure are occasioned (1) by change of 
level; (3) by changes in the weight of the air. 

Effect of Change of Level. — As you ascend 
a mountain, you pass through s certain proportion 
of the atmosphere, and are, of course, relieved 
from a portion of its pressure. For the first 10,000 
feet of ascent the barometer falls ten inches ; an 
average of one inch to every 1,000 feet of ascent. 
For the second 10,000 feet the bRrometer would 
fall about 6.7 inches, the amount of its fall con- 
stantly decreasing as you asceod. Mr, Olaisher 
in his balloon reached a height of 87,000 feet, 
and then the barometer went down to seven inches. 

The lowest reading of the barometer ever ob- 
served upon a mountain was 13.3 inches, at an 
elevation of 28,079 feet, on the sanimit of Ibi- 
Gamin, in Thibet. It is easy to see that the 
amonnt of fall furnishes a means of measuring 
heights of mountains, and altitudes to which 
balloons ascend. 

Effect of Changes in Weight of the Atmos- 
phere. — A fall of barometer occurs, also, when 
the column of air above any area becomes lighter 
than usual. This takes place when there is more 
than the ordinary amount of vapor in the 
because vapor is lighter than drj- air. Conse- 
quently, the greater the proportion of vapor in the 
air, the ligiiter that air will be. A hw barometer 
therefore usually indicates a moist, rainy atmos- 
phere. A high barometer indicates tliat the atmos- 
phere is lieavy ; either because it is dry, or because 
it is dense. 

Height of Atmosphere. — The main body of 



• This may be verifleil hy ilic tlmplc clpcrlment of employlr 
»ir<.mfirir iiilie rme square Inch In bore. A column of motcurj IWrlj 
nob.'.' blgh ill nuih > lulje wcigha flfieen poundo. 



the atmosphere is about forty miles high. II 
probably extends in a state of extreme attennatioi 
to the height of several hundred miles. 

The Density, or compactness of the air, o: 
course diminishes with the height. On loft 
mountains it is highly rarefied, which means tha 
its particles, being relieved from pressure, an 
more widely separated from one another than a 
lower levels. 

Persons ascending to great elevations sometimes esp« 
rienee a ringulsr difficulty. The walls of the blood-vemel 
bnrst, and there is a flow of blood from the nose and can 
This mal de montagtu is seldom felt at a lower level tha 
16,000 feet, and tnlloon ascents have been made to a heigh 
of 29,000 feet before any serious inconvenience has arise 
from this cause. 

TOPICAL ANALYSIS. 

1. Th* AtmcMphara. 

Compodllon. Ubci of ihft vipor o/ vat«r«id ca 
bonlc Kid. 

S. Weight Of the Air. 

XrldeDce Ihil the air hu welgbt fiom tho acllcm i 
the common pump. FromTorrJcclll'st 

Amoml of prenor?. BAhl oF prcsm 
boJUns point. Vkrtiiloiu In prevni 

ric reading observed , Effect of ctuuige la til 
weight of the ilr. Heutng of high and to 
buoDKtcr. IIelgbtoflhe*Uiiocpber& VarUHe 
ofdeniilty wtihbcight Phyrioluglcal aStct 

Tkst QuiSTiONi.-Whit I> tbe color of tbe slmoaphen I Of whj 
DK IB thi* to no r A cubic yard of air w«lghi about %3 Iba : chat la tt 
weight of the air In a room 15 feel aquare and IS feet high f Have yi; 
everabaervcduiytliltiglo Indicate Uiat (he alitLai welgbt t How lot 
ago did Galileo live f Aboie tbe mctcniy In tho barometer b 
vacant apace called the Tonleelllan vacuum: wby (bonld U bei 
ciUedr 



II. CLIMATE. 

1, Main MemeiitH. — The temperature an 
moisture of the air arc the two main elements c 
climate. Obviously the more important of thes 
is temperature. 

The principal causes which modify temperstui 
are, distance from the Equator ; distance from th 
sea ; provailing winds and ocean currents ; la 
height above the sea-level. 

2. instance front the EquaUn'* — 1% 
first and most apparent cause of diflereoM of dU 
mate is distance from the Equator. Thii 3k 
results : (1) as the distance increaieii. 

annual temperature falls ; and (2) I 
and greater contrasts of sammet 
cold. 
Effect on Annuai. T) 



witbin the tropica receives the vertical rays of the 
«UD, and in therefore the region of greatest heat. 

Between the tropica and the polar circles the 
sun's rays full slantiiigly, and exert therefore a 
feebler power. 

Within the polar circles the slant of the sun's 
rays is at its greatest, and hence, except during a 
brief period of a few weeka, escesBive coH prc- 
ruita. 

The reRBCQ whj less heat 1b received where the eun's Mj-a 
wre oblique rnaj be readily uuderelood from Ihe iiccompany- 
iiig diHgram, 

If ll,e beam of heat, nH', fall verticall?. It will be dis- 
Iriliuted over a smaUer spai'e (CB) than it it falls obliquely. 
The umoimt ol heat, therefore, leeeived at atiy [loiiit along 




AB bdimJiiUhed in thsfarneratioas the surface islncraiseil. 
The inti'iisity, therefore, of the heal ujion Ihe Eurfuce AB ia 
to its iniensity upon CB. inverBclj as the surfacu*. or as CB 
is to AB. 

Climatic Contrasts.— The coiilnists between 
summer heat and winter cold are mainly due to 
variations in tlie lengtli of the day, and these de- 
pend on distance from the Eijuutor. 

Within the tropica there is comparatrvely little 
diSereiicc between the two periods of day and 
nigiit all through the J'ear. 

Only twice in the year, at the equinoxea, are they 
eiinal for otlier parts of the globe. 

As the aun passes northward from tiie Ecjuator, 
the day lengthens all over the northern heiui- 
spliere, until, within the Arctic circle, the sun iloes 
not Ket at midsummer at alt. The same thing 
occurs for the aonthem hemisphere, after the sun 
passes southward of the Equator. 

Now it is because there is very little difference 
between day and night at the Equator that we 
find within the tropica a nearly uniform tempera- 
ture throughout the year. 

And it is because north and south of the tropics 
there are important differences iK'twcen day and 
night, that in all regions outside of the tropics cli- 
matic conlrusts are found. 

At the poles these contrasts are at their masi- 
tnuni. The summer of the polar regions, slrange to 
Bsy, ia exceedi n gly hot.* It is marked by a ra- 
"*Uv of ff^setable growth that is marvellous, In 




a few weeka crops mature which require twice 
that length of time in latitudes much nearer the 
Equator. But, on the other hand, the winter cold 
is correspondingly excessive. 

Eiplanatioji.—Wi3 shall belter understand the cllmatio 
effects of variations in tho length of day and night, if we 
know something about the absorption and radiation of heat. 

If two bodlee are of diifcrent lemporutures, beat will pass 
through the space between them from the warmer to the 
cooler. The giving off of heat by the warmer bod; is called 
ra3ialion. The receiving of it by tho cooler is called fb- 

If a red-hot eiin non-ball beplacwl near a mass of ice, heat 
will be mdinted from the cannon-baltto the ice. The ke will 
absorb Ihc heat from the balL . So wherever the sim is shin- 
ing. Ibc earth is absorbing heat. "WheiEVcr it is nigbt-Ume. 
Ihc carlh is mdisting hcut into the cooler regions of space. 

It is clear that when tho day-lime of northern regions ie 
lengthened, the quantity of heat atisorbed is greater; and, 
at the same lime, sine* the nights ara shorter, the loss of 
heat by 'adiation Is less. Hence, there is ever; day an ao- 
cnmulat'on of heat, 

It is for this reason tliat our own hottest wcaUier occurs 
sabseqacnlly to the longest day, and that in plac« like St. 
Petersburg and Ynkulsk, where the sun is below the hori- 
zon nt midsummer only for about three hoars, the summer 
brat is Intense. 

3. Dtstatiee from the Sen.— In certain 
countries climate is affected more by distance from 
the sea than by distance from the Et^uator. 

The climate of a region adjacent to tho sea ia 
called an tnmdar or viarttime climate. The cli- 
mate of a region remote from the sea is called an 
inland or continental climate. 

Insular Climates. — Certain causes moderate 
insular climates. 

(1) Water abaorha heat much more slowly than 
the land, and therefore remains, in hot weather, 
comparatively cooler. Hence the summer tempera- 
ture of a country bordering on tho sea is lowered. 

(2) On the other hand, water parts with its heat 
by radiation much more slowly than the land, and 
therefore rcmaina in cold weather comparatively 
warmer. Hence tho winter of a maritime country 
ia moderated. 

(3) Vapor is incessantly rising from the eea, and. 
being condensed, falls as ruin or snow upon the 
land, and, as you have learned, this liberates latent 
heat. 

(4) Tho vapoi; in the atmosphere of a maritime 
climate prevents tho escape of heat. It acts like a 
warm blanket. A familiar illustration of this is 
the fact that we rarely have frost on clondy nights. 

(5) But again, since the process of evaporation 
goes on more rapidly in hot weather than in cold, 
it has the effect of moderating the summer heat of 
a maritime country. 

Eor ihe above reaeouB, insular or marifimf rh'- 
mates are equable, or free from extremof. 




Qua 



I IsOTHERHiL ChAHT. 



isotherm passes near New York and London ; how niQcb 

difference is thpre in the latitude of these two i-ilias ? 

What are isotbeniml lines ? Why nhoulil tho isotherms I Tntce the coursi' ot the Thermal Bquator. Wbftl. is 

be BO irregolar uaU differ so much from the jiamJli-la of the average annual tciajieraturp of [da<^A thniugh 

latitude ? which it passes ? What isotlierms bound the totte of 

New Yorli and Rome arc in about the same latitude : Tn>pieai temperature ? What isotherms tioiiTid the 

how do llidr m-.-an lempfratures compare ? The same I Temperate zones ? Tlie Polar ? Through what eoun. 




tries ot each continent does the isotherm of 32' pass ? 
North of this line what Ib the condition of the ground ? 
In which L'ontinent is the "limit of eoDslnntlT froKeo 
ground " farthest to the north ? (In which sideofonrcon- 
Ijnent ia il farther north ? What difference lictwcen the 
. kimual temperature of Lahrudor and the British Islea ? 
What parts of Korthand South America buve <hi 



Inund Climates. — Inland or continental cli- 
mates are the oppoaita of maritime. They are sub- 
ject to great eitremes, intense heat in summer and 
excetsive cold in winter. 

Two reasons may be assigned for tliJa: 
(I) Countries far from the sea are Without its 
cooling influence upon tlieir Buminer heat, and 
they have no reservoir of warmth to comjteiisate 
for their rapid radiation of iieat in winter. 

The roiitincnl of Asinnffonls the most striking instnnces 
tif Ihe extensive character of mlmnlcliiniilcB. The RusBian 
army advancing lowanJs Kliiva in IWitMO espcrieueed 
vicissitudes of ifiii|ierftmre (mm n hem of over lOO" Ftthr. 
Id u ™lcl of 4S^ liclow Mro. 

At Werehojansk, Eastern Siberia, the cuhiiinoting point 
ot exoessive oiiniuto in all tin wurld h reached. The extreme 
temp«ratar« of 1)0.4° bvlow xeto Fahr. has l>een oliBerveil 
there. This is for below the avurage of the poinr ocenn. 
Ttiesoil js Ii«rtiiaDently froxea tu Iho deprlr oHw fuet In 
the month of June Iho Lena is fr«e from ii'p; llie surface 
soil has thawed for 8 or 4 fwl; and lUc warmlh of tlie lihurt 
summi^r i« ^iich that grain will rii>en in theahallnw stratum 
of Miil 'aliDve tile frozen maafi. The mean t«ni|>eratun.' ot 
July at Yakutsk is GD' Fabr., the same iw at Part?. 

(3) The comjHtrative dryness of the air of an 
inland region ooutrilnites to ereate extremes. 
This is strikingly illnatrated by the climate of tiie 
Sahara. The nir there is perfectly dry. No 
vapor hinders the reception of heat by day or its 
loss tiy night. By day the sand is as tire and the 
wind like flame ; and yet the temperatnre may fall 
from 200° Fahr. during the day to freezing-point 
during the night. 

Travellers have been known to find the water in 
their ciinteena tnmcd into ice before morning. 

4. Prevaillnff Wituls and Ocean Car- 
rentn. — The climate of a conntrj' is also greatly 
modified by the prevailing winds and the neighbor- 
ing ocean currents. If the prevailing winds cumo 
from the sea, they temper the extremes of lieat 
and cold. If a cold current bathes any portion of 
the shore, it lowers tlie temperature ; a warm cur- 
rent raises it. 

Examples. — The British Isles and the province 

of Labrador are tho same distance from the Eqna- 
tor, and in many ]>arts the s^tme height above the 
sea. Yet sucli is the diilcrence of climate be- 
tween ihem, that Labrador is covered with snow 
for nine or ten montiis every year, and is so cold 
as to be almost uninliabi tabic ; while in England 
the ground is rarely covered with snow, and the 
pastures are green all the winter. 

Both countries are in the regions of westerly 
winds ; but in Labrador they come from the land, 
and are dry and cold ; in England they come from 
the flea, and are latlen with moisture and warmth. 
The shores of Labrador are washed bv a cold Arc- 



tic current ; those of Oreat Britain by the warm 
waters of the Gnlf Stream and Athintie Drift. 

The climates of Western Europe, from Norlli 
Cape all the way down to the Straits of Oihrallar, 
are modified by the sea-winds and the influetiw 
of tho (iiilf stream and Drift. 

Norway stretches up beyond the 70th dcgrw of north lati- 
tude ; yet the westerly winds sre so richly laden wlUl 
warmth and moisture from the waters of the Gulf Slrtam 
that the harbor of Hammerfest, iat. TO" 40'. is never frcorn. 
even in the severest winters. But cross the Scandinarian 
mountains, and you encounter at once, it it be winter, Uw 
severest cold. In this short dialanec froio Ihe watni waters 
and the we^t winds of the Allanlic. you flmj the Rusnan 
lukes and rivers, the gulfs and bays of Ihe Baltic cloMd 
against navigation every year from November till May. 

Climatic conditions similar to thoso which aSect 
tho western shores of Europe are found upon the 
western slopes of Oregon, British Columbia, and 
Alaska. Westerly winds prevail, und they are 
laden with moisture from the Pacific Ocean. The 
result is that here, as in Norway, open harbor? and 
evergreen iiills are found in the high latitudes of 
Alaska and other parts of our northwest coast. 

5, Height above the Sea-Level. — Among 
other eircumGtances, climate depends upon height 
above the sea. A change of elevation of a few 
thousand feet at the Equator produces a change ol 
temperature as great as would be expericneed in 
sailing 0,000 miles to the frozen regions ol the 
poles. [See small map p. 105,] 

The Island of Cuba and the Mexican monntain 
of Orizaba aro in the s^me latitude. The summit 
of the mountain is covered with snow all the year ; 
tho island with fniits, flowers, and evergreens. 

The reason why elevation above the seu-level 
causes reduction of temperature is that the radia- 
tion of heat goes on from elevated jiarts of the 
earth's surface more freely than from its lower 
])ortions. Two causes may be assignetl for this : 
(1) elevations are comparatively small, and there- 
fore lose heat with rapidity ; {i) the air and 
vapor upon elevations are rarefied, and heucctittle 
hindrance to radiation is presented. 

The general rule as to the effect of elevation is 
this : for every one hundred yards of perpendicu- 
lar ascent there ii a decrease of one degree in the 
temperature; so that, even at the Equator, you 
may, by ascending to the height of about sixteen 
thousand feet above the sea. reach the suow-lineT 
wliere the cold is extreme and the winter elerniiL 

C Ittotherniftl Lines, — From thermomet- 

ric observations mode in all parts of the world, the 
actual distribution of temperature over the globe 
has been ascertained. To show this, Humboldt 
eonstrucfed a series of lines c.illed isothermah or 
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Unas of eqtml heat. Theae are drawn routid the 
globe so as to connect all places which have the 
same mean temperature during the year or any 

given part of the year, 

IfiothGrmal lines Eire far from coinciding with 
the parallelB of lutitude. Let us take hy way of 
illustration the line in tlie Northern Hemisphere 
indicating the mean annual temperatute of 50° 
Fahr. [See chart pp. 73, 73.] It passes through 
Oregon on the Pacific shores, and leaves our 
Atlantic coast between New York and New 
Haven. It bends northward in crossing the At- 
lantic, and in Europe passes through Liverpool, 
Vienna, and Odessa, and in Asia, near Peking. 

We are not to conclude, however, that because 
the same taothermal line passes through two places, 
they have a climate identically the same. Of two 
Bucii places one may have an extremely hot Bum- 
raer and a correspondingly cold winter. The other 
may have a climate free from extremes. Yet both 
may have the same average yearly temperature. 

Thus San Franoisco and Washingtun have the same 
mEan annual temperature, while tbeir chmales are verj 
different. 

A^in. the same isothermal line passes through Nev 
York and Dublin. Yet the climatea ol these places have 
no res(-mblancc. The mean winter (empersture at Dublin 
In six degrees above tbat of New York ; while the summers 
of the two places are so unliko. that whereas grapw and In- 
dian com are suowssfull;^ cultiFated in the vieinitj of Mew 
York, the7 will not ripen in the open air, at Dublin. 

ZoNEB OF Temperature. — By means of iso- 
therms we define the zones of temperature. They 
are indicated by the colors on the chart. The true 
Torrid Zone is bounded by the isotherms of 70° on 
either side of the Equator. The true Temperate 
Zones extend from the isotherms of 70° to those 
of 32". The Frigid Zones extend from these to 
the poles. 

TOPICAL ANALYSIS. 

U. CUMATE. 

1. KaiD Elementi. 

C'auf^s wblcb modlfj' dimHte. 

2. DlttaiiM from th« Eqoatat. 

RcsulL* ciF d1uaDC« trom the EquEtor. EUecl on 
■nnual u-mpcraturc. CUmiLic contnsU. Ex- 

pl..l«llc.D. 

if. Witanoe from tha Bea. 



4. Pr«TaiIiiig Winds and Ocean Cnrrenti. 
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III. WINDS AND CIRCULATION OF THE 
AIR. 

1. Air in J^fotton. — The ocean of air, like 
the ocean of water, is never at rest. It has its 
waves and its currents. 




A body of air in motion is called wind.* Aa 
all know very well, the wind travels at various 
rates and in many different directions. By means 
of an instrument called the anemometer, it has 
been ascertained that the velocity of a liglit wind 
is five miles an hour; of a "stiff breeze," 25 
miles ; of a storm, 50, and of a hurricane from 80 
to 100, or even 150. 

Again : the direction in which a wind blows is 
so constantly changing that we often speak of the 
winds as fickle, inconstant and uncertain. There 
is. however, order in the movtments of the atmos- 
phere. The fickle winds are obedient to laws. 

There arc causes which make them blow with 
greater or less ra|iidity. There are reasons why 
they blow now north or south, now east or west. 

a. Causes of Wtndu, — The main causes of 

winds are two : (1) the unequal distribution of 



heat in the atmosphere ; sod (2) the uneqii&l dis- 
tribution of vapor in the atmosphere. 

Effect of Heat. — Let ub consider the effect 
of the unequal distribution of heat in the atmos- 
phere. U a fire be lighted on tlie hearth, the air 
in the chimney will be heated and forced up the 
chimney by an indraught of cooler and heavier air 
from all parts of the room. This continues as 
long as tlie firo burns. 

The same thing occurs when a bonfire is lit, or 
a house is on fire. Every child knows that *' the 
sparks fly upward to the sky." They are carried 
up by the hot ascending current. The air above 
the fire is expanded, rendered lighter, and driven 
upward by currents of cool air that como rushing 
in from all sides, "fhese, when heated, ascend 
with such force as to carry up clouds of smoke 
and sparks. 

This unequal distribution of heat, the warming 
of the air in the chimney or above the burning 
house, while that in the room or in the space 
about the burning house is comparatively cold, 
estailishesa gyslem of air currents. 

It there are uo obstacles in the waj of these currents, 
and if (he; are not chilled or heated in Iheir cour^, Iher 
wiil go slraight toward Ihc mouth o( the chimney. Chaira 
and tables and other objects in the room will deSect tbem 
And cause more or leas irregularitj in their direction. 
I To prove that auch currenta really do flow, place a lighted 
caodle in the doorway of a room in which a Are is burning. 
Ton will see the fl&me drawn inward bj the Inflowing cur- 

Now what occurs in the air of a room when a 
fire is kindled on the hearth takes place in tlie at- 
mosphere. Some portions of it are always more 
heated than others ; and the unequal distribution 
of heat establishes a system of currents. The 
heated surface of the earth warms the air above it. 
This air, forced up by the surrounding cool air, 
ascends as a current ; and streams of cooler, heavier 
air flow in. Just in proportion to the size of the 
area heated, the volume of the inflowing currents 
will be greater or less, and in proportion to the 
difference of temjterature between the lieated 
and the inflowing currents, the rapidity of their 
flow will be greater or less. 

Effect of Moisture. — The effect of unequal 
distribution of moisture is similar to that of un- 
equal distribution of heat. Vapor of water is only 
about half as heavy as dry air at the same tempera- 
ture. Evidently, therefore, if there ia much vapor 
in any part of the atmosphere, that part will be- 
come lighter than the neighboring portions. Like 
the air heated by the fire, it will be forced upward 
aa an ascending current, and there will be an in- 
rush of drier, heavier air to supply its place. 



In general, the two causes above aentionei!] 
operate together, for it is natural that where then 
is most heat, there is also most vapor present in 
atmosphere. For this reason, and because the 
effect of the two is so similar, it will not be neces- 
sary to consider in detail the effect of ™por 
cause of air-currents. 

. General Circulatton of the Attn* 
phere, — Let us now turn our attention froi 
these simple illustrations to what is going on 
tiie atmosphere at large. , 

Within the tropics there is perpetual summer. 
The vertical rays of the sun are incessantly heat- 
ing the torrid zone and its atmosphere, and filling 
the air with vapor, while the air on either side of 
that zone is comparatively dry and cold. Wlmt 
must be the effect of this unequal distribution of 
heat and vapor? It creates a general circulatiotl^ 
of the atmosphere. I 

In the first place, as in the case of the fire uposl 
the hearth, the heated, moist air of the tropics is 
pressed upon by the heavier air on either side. It 
is forced upward, and there is an indraught both 
from the north and the south to supply its place. 

Now, if the earth were at rest, and if its 
face were covered with water, the inflowing cuj 
rents would go straight from the polar to tl 
e(]uatorial regions. There would then be a sim] 
circulation of light air from the equator to ti 
poles, and of heavy air from the poles to the equa- 
tor. The winds would be steady and unvarying. 

MoDiFYiNO Causes. — But the earth is not at 
rest, and its surface, instead of being uniformly 
covered with water, is varied by land masses <rf 
greater or leas magnitude and elevation. The ro- 
tation of the earth and the influence of its land 
masses arc two causes which largely affect the cir- 
culation of the air, and render it exceedingly com- 
plicated. 

Winds abe Ci.assified, according to the regii> 
larity with which they blow, as constant, variabUf 
and periodical. 






rta^ 



4. Constant or Trade Winds.— Ce\ 

of the winds blow without interruption in 
same direction, and at nearly the same rate. So 
constant are they that vessels often sail in them for 
days and days without, as the sailors say, " chanj 
ing a stitch of canvas." It was the steady blowii 
of these winds which so alarmed the crew of 
Itimbua on hia first voyage to America, and 
them to fear that they should never get back 
Europe. 

From their importance to the navigator th) 
winds have been called the trade winds or trades. 
They are currents of air which are ceaseleeslT 
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winging their flight from the polar and temperate 
regions toward the equator. 

DiBECTiON. — If the earth had no daily motion, 
these winds would blow on one side of the equator 
from the north, on the other from the south, di- 
rectly into the equatorial regions. But in conse- 
quence of diurnal rotation, tlie air, when it arrives 
at the equator, is in a region which is moying 
toward the cast, 120 miles an hour faster than the 
region in latitude 30^, where it began to blow as 
a trade wind. 

During its whole journey to the equator the wind 
lags a little behind, and the earth, which is revoly- 
ing from west to east, is slipping from under it all 
the time, so that 
the wind appears 
to come from the 
east. Thus an ad- 
ditional motion is 
imparted to it — 
viz., a motion to- 
ward the west ; 
and so it is made 
to come from the 
northward and 
eastward on the 
nortii side, instead 
of directly from 
the north ; and 
from the south- 
ward and eastward 
on the south side, 
instead of directly 
from the south. 

Thus we have 
the two systems of 
trades; the north- 
east and the south- 

east. The north- 

• 

east trades blow 
from about the 
parallel of 30° 

north, to the equator ; the southeast trades from 
about the parallel of 30° south, nearly to the equa- 
tor. Both extend entirely round the world. 

S. Variable Winds. — ^North and south of 
the trades are the zones of the variable winds. 
They extend from the parallels of 30° north and 
south, to the polar circles. Within these limits 
the winds blow without regularity. Two systems 
contend, and sometimes the one prevails, some- 
times the other. These contending winds are the 
counter trades, which blow from the equator, and 
the polar winds, which blow from the poles. The 
variable winds are designated on the chart, p. 79, 
as polar and equatorial winds. 



^^ .^f^ POLARWINDS ^" 

North Easterly Pr»vailing ^^*^n \ 

ALTERNATE POLAR AND EQUATORIAL WINDS \\ \ 
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\/ CALMS OF CANCER VL^ 

. NORTH EAST TRADE WINDS '' ^ 
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SOUTH EAST TRADE WINDS // ' 
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\ ^^K^ POLAR WINDS yy 

CIBCULATION OF TUB ATX08PHSBB. 

Diagram showing course of currents of air from the equator to the 
poles and back. Let the pupils all draw from memory similar diagrams. 



OouKTEB Trades. — Beferring to the chart, you 
see that on the polar side of the trade winds, the 
arrows show that the prevailing direction of the 
winds is cou7iter or opposite to that of the trades 
— that is, from the southward and westward in the 
northern, and from the northward and westward 
in the southern hemisphere. For this reason these 
westerly winds are called the counter trades. 

Origin. — The origin of these winds is interest- 
ing. It is thus explained. While the trades blow 
steadily from the poles, there must be return-cur- 
rents from the equator to the poles, otherwise the 
polar regions in time would be destitute of air. 
When the upward current at the equator has risen 

to a considerable 
elevation above 
the surface of the 
earth, it divides 
and flows toward 
the 2>oles, one 
volume going to- 
ward the north, 
the other toward 
the south pole. 

These two 
streams of air i-e- 
main upper cur- 
rents as far as 
the northern and 
southern limits of 
the trade winds — 
t. e., about as far 
as the parallels of 
30** north and 
south. 

When,however, 
they have gone so 
far on their north- 
ward and south- 
ward journey, they 
descend to the 
surface of the 
earth, probably for the reason that their tempera- 
ture has fallen below that of the air which is flow- 
ing from the poles. They now flow as surface 
winds and constitute the counter trades. 

Proofs. — That the upper currents above alluded to do flow 
out northward and southward from the equatorial regions is 
abundantly proved. Sometimes volcanoes, as wo have al- 
ready learned, eject vast quantities of dust. Not un fre- 
quently this passes into very elevated regions of the atmos- 
phere; and instances are on record of its being carried 
sometimes for hundreds of miles in a direction opposite to 
that of the surface winds. 

Ck>seguina, in Guatemala, is in the region of the north, 
east trades. During the eruption of 1835, its ashes were 
carried to the island of Jamaica. Jamaica is 800 miles 
northeastward of Coseguina. No other explanation of this 
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b pomble, exc^t that an upper current ma blowing above 
the surface winds, in a dliection oppoaite to theirs. 

Again, In 1810, asties rrom a volcano in the island of Sum- 
bawa, near Java, were borne to the inland of Amboyna, 800 

milei> to the northcaxt, although the southeast wind was then 
al it» height. Thia again proves that there muet have been 
a powerful current toward the northeast, above the southeast 
■urface-wind. It is clear, therefore, that return currents 
flow from the equator to the poles, as indicated on thechart 
We shall see in the following paragraphs what becomes of 
these return currents. 

Direction. — Were it not for the earth's rota- 
tion, the counter trades would move straight to the 
poles. But rotation has upon them a similar ef- 
fect to thut which it has upon the trades. It 
changes their direction, and it gives them motion 
from the westwurd. This is explained as follows : 
while in the equatorial regions, these winds have 
acquired the rapid rotary motion toward the east 
which belongs to those regions. Hence, when they 
reach latitudes nearer tlio poles, they are blowing 
to the eastward with a velocity far more rapid than 
that which belongs to the latitudes which they have 
reached, and thus they become westerly winds. 

The Polar Winds are currents of cold air 
making their way from the poles toward the equa- 
tor. Their direction is similar to that of the trade 
winds, northeast in the iiortheni hemisphere, and 
southeast in the southern hemisphere. Coming 
from the equator, the counter trades bring moist- 
arc and warmth ; the polar winds are dry and cold. 

The trades, counter trades and pohir winds, 
though treated separately, are really only parts of 
the same great atmospheric current which is cease- 
lessly accomplishing its unending circuit from the 
equator to the poles, and from the poles back to 
the equator, as shown in diagram on p. 77. 

A'. The Calm Belts. — When two eqnal cur- 
rents of air meet, a calm ia produced. Over the 
equator, where the northeast and southeast trade 
winds meet, there is a belt of calms encircling the 
earth. It is culled the Equatorial Calm Belt. 
This name is not altogether a good one, because 
throughout the belt a vast current of air is inces- 
santly ascending. The belt is calm in the sense of 
being compamtively free from horizontal moye- 
ments of the atmosphere. 

The most difficult jwrt of the ocean for sailing- 
vessels to cross is this calm belt. Ships are some- 
times detained h^re for many days. 

As where tlio northeast and southeast trade 
winds meet, so where the trades and counter trades 
meet and cross, there is, in each hemisphere, a belt 
of atmosphere nntrked by the prevalence of calms. 
In the northern hemisphere we have the Calms of 
Cancer; and in the southern the Calms of Capri- 



The position of all the calm and wind bt 
aboTe described is not invariably fised. 7%ey 
move northward and southward, following the < 
parent march of the sun. They reach their farth 
northward limit in autumn, their farthest son 
era limit in spring. 

7. The Periodical ITinrfsare tliosewh 
blow for a certain time in one direction, und tl 
for an equal, or nearly eqnal time, in the opjXN 
direction. They arc the land and sea breezes,^ 
the monsoons. 

Land and Sea Breezes. — All along the i 
shore of warm countries, there is a hreeie fr 
the sea by day, and one from the hind by nig 
The rays of the sun heat the land more read 
than they do the water. This makes the li 
warm in the day, leaving the sea cool ; the wa 
rocks, sand, and soil, heat and expand the air 
contact with them and render it light. Pres 
upwai'd by the cooler air of the sea, it rises. C 
rents then come nishing in from the sea to snp; 
the place of the ascending columns, precisely 
the indraught to a furnace sujipliea the rush 
the chimney : thus we have the sea-breeze. 

By night the opposite effect occurs. The Is 
has the property of radiating — that is, of throw! 
off — its heut more rapidly than the water o 
Hence the land by night grows cooler than I 
sea. It then cools and makes heavier the 
above it. The air above the sea remains compa 
lively warm and light. Hence it is pressed i 
ward by the cooler air of the land, and curre 
rush from the land to the sea. This is the Isi 
breeze. 



Questions ok Chart of Wtndb.— (The red color on 
chart indicates the constpint or trade winds ; green, 
variable winds, or those which blow altcrnatdf from 
equator and the polo ; blue, the northeasterly winds bl 
ing from the pole ; yellow, the monsoons.) 

Define the region of the trades. What do we flnd all 
their line of meeting ? Where else do calms prevail ? W 
special names are applictl to the calms ? Are the calms 
dl seasons csactlj where shown on the chart T Whj na4 

Where do the great monsoons blow ? Within the reg 
of what winds i Point out other monsoon regions. 

How many regions of typhoons and hniricanee do ] 
find on the chart ? Where are ihey ? DescHbe the coo 
of the West India hurricanes. Of the Australian. 

What is the direction of storms in the r^ons nortli 
tiie equator ? In those south oi the eqiAihw I 

What winds occa^iouslly prevail in Northern Africa ? 
the countries of Southern Europe 7 When do thsse U 
come from ? Where does the Harmattan of Owhw « 
from ? ft 

Trace Ihecirculntion of avolume of alr,f^> 
start northward from the equator, 
toutbward. (See diagram p. 77.) 
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Were it not for these refreshing breezes, many 
countries along tlie sea-shore, that are now the 
abodes of health, prosperity and happiness, would 
be uninhabitable. 

Monsoons. — Monsoons are winds that blow 
from a certain direction for part of the year, and 
for the rest of the year from quite another quarter. 
They arc land and sea breezes on a grand scale. In- 
stead of alternating with day and night, they al- 
ternate with summer and. winter. (Hence their 
name, from an Arabic word meaning season.) 

The most famous monsoons are those of South - 
em Asia. In India they blow from the northeast 
for six months of the year, and from the south- 
west for six months. 

Cause. — During the summer the sun plays upon 
the great deserts and inland basins of Central 
Asia. Those dry and barren wastes glow like 
furnaces, and the heated air ascends from them 
in immense columns. A disturbance is created 
which is felt to the distance of 2,000 or 3,000 
miles from its centre. Cooler air rushes in from 
the sea on three sides of the continent. Along 
the coasts of Siberia it comes from the north. 
From China round the south of the continent to 
the Red Sea, it comes from the Pacific and Indian 
Oceans — that is, from the southeast, south, or 
southwest. 

In this region, which is largely in the zone of 
** trades," the eifect is so great as actually to re- 
verse the trade wind and cause it to blow in the 
contrary direction. 

In the winter the centre of Asia is a region of 
low temperature. Its atmosphere is dry, cold, 
and heavy. That of the seas surrounding the 
continent is moist, warm, and light. The light air 
is pressed upward by the heavy, and ascends into 
the upper regions of the atmosphere. Currents then 
blow from the land toward the sea. In conse- 
quence of this we have, during the winter in 
India, the northeast monsoons, which are really 
the northeast trades, blowing with augmented 
force and velocity ; on the Chinese coast we have 
the northwest monsoons. 

Effects. — The summer or the southeast and 
southwest monsoons having passed over the sea, 
are laden with moisture, and arc the 7cet monsoons. 
They give its tvet season to Southern Asia. The 
northeast and northwest monsoons are for the 
most part dry, because they come from the land. 
During their prevalence it is the dry season. The 
changing from the dry winds to the wet is called 
in India the ** bursting'^ of the monsoon. 

Bursting of the Motutoon. — Tlie souUiwest monsoon sets 

«renerally toward the end of April, a steady wind sweejv 

p from the Indian Ocean and carrying with it dense 



volumes of vapor. The atmosphere becomes close and op- 
pressive. Flashes of lightning play from cloud to cloud. 
The wind suddenly springs up into a tempest. Then a few 
great heavy drops of rain fall ; the forked lightning is 
changed to sheets of light, and suddenly the flood-gates of 
heaven are opened, and not rain, but sheets of water are 
poured forth, refreshing the parched earth, carrying fertil- 
ity over the surface of the country, filling the wells and reser- 
voii*s, and replenishing the dwindling rivers and streams. 
The whole land from Cape Comoriu to Bombay seems sud- 
denly recalled to life. 

Minor Monsoons. — Certain other winds that 
resemble the monsoons are those of Australia, the 
Gulf of Guinea, and the Mediterranean. 

The winds of Australia blow landward in the hot months: 
seaward in the cold season. They are largely controlled by 
the great desert of Australia at the one season and by that of 
Gobi at the other. During the South Temperate summer 
the Australian desert is the hotter: during the South Tem- 
perate winter Gobi is the hotter. Each thus becomes in 
turn the controlling area. 

The Australian monsoons, however, do not compare in 
regularity with those of India. 

Over the Gulf of Guinea and the Mediterranean periodi- 
cal winds blow in summer in opposite directions; the winds 
of the Gulf of Guinea come from the southwest, those of 
the Mediterranean — known to the ancient Greeks as the 
Etesian winds — are from tlie northeast. Both are due to 
one cause, viz., the intense? heating of the Sahara. Tiiis 
protluces an upward current of heated air and an inrush of 
cooler air from tlie Gulf of Guinea on the one side, and from 
the Mediterranean on the other. 

The periodical winds of Mexico. Central America, and 
the Brazilian waters, and those known in Texas as **Xorth- 
ers,*' are due to causes similar to those of the monsoons. 

Otheu Peuiodk; Winds of less importance are 
what we mav call the return currents from the 
deserts. These are laden with heat, sand, and dust. 

From the Sahara currents flow northward and southward. 
Those from the south enter Egypt, and blow for a few days 
at a time during a pericxl of fifty days. Ifence they are 
called khamsin, an Anibic word meaning fifty. During 
their prevalence the air is filled with blinding dust and the 
midday sun is darkened. By such a wind of unusual vio- 
lence, the army of C ambyscs, 50,000 in number, is said to 
have been dcstroved, when on its wav to attack the oasis 
and temple of Jupiter Ammon. 

Crossing the Mediterranean, the desert wind scorches the 
vegetation of Southern Europe. It is known as the sirocco. 

Mountain Winds. — The tops of mountains chill 
the surrounding air. This sometimes descends as 
a cold wind into the warmer regions below. Thus 
from the snowv heights of the Andes the cold 
pamperos sweep over the Pampas of the Rio Plata, 
the icy puna descends upon the table-land of 
Peru, and the chiUing mistral descends from the 
Alps to the shores of the Mediterranean, causing 
infinite discomfort to sick and well. 

8. Offices of Winds. — Three offices of winds 
may be mentioned : (1) they keep the elements 
of the atmosphere uniformly mixed by maintain- 



ing a constant circalation ; (2) they bear vapor 
from the sea to the land, and thus water the earth ; 
(3) they carry heat imprisoned in the particles of 
vapor, from the overheated regions of the earth to 
the colder ones, and in this way make the torrid 
regions cooler, and the t«mperate and polar 
warmer than they would otherwise ho. Discharg- 
ing these various offices, they verify the Psalmist's 
words, "God maketh the winds hia messengora." 

TOPICAL ANALT8I9. 
m. WINDS AKI> CIBCUUTIOS OF THE AIB. 

1, Air in Xslion. 

WImJ. Vdoclty of dlOcrtni vrinds, Ordtr In 0)« 
w lulls, 

a. CktuM of Windi. 

Bltea of hPBt. or mol.idta. 
3, OiDeral ClrcnlBtioii ol tha Atmatphare. 

LcKuKan nf can.>Iani ■Dcrn<llnt; nimiili. Canrta 
whlrh compllcale tlic c]iriil«1Loi.. CI um million 
of «'ltu1>. 
1. ConiUnt or TT»de Wlndi. 



fi. TftriRble WlDdi. 

Locillty. Coiinlpr tr»df>. Origin. Prools. Dlmr- 



«. Th« Calm BslU. 



PT. Poriodioal Wlndi. 
Lind and ret breciin. Bencllli at. Moiuoona, 
C»n«e. BflecL BuMLng of mooHKin. Mlnnrmon- 
•oona. Giber periodic Hindi. MounUIn wloda. 
S. OffiMt of Wind!. 

Tmt Quc'TioNfi.— WIuiI Is In gmcral Ihe ■■tircnlt" ot the wlndif 
Their geaenil edfct opon cltmale t WbU rone li Ibe prlnur; uiiK of 
wlnd>T Whii olhcr [aree ncU IB nailliary r Gun jau give tny reanii 
whjf Uie ocean of sir Ih to muih dleturbed al the botLom, while Ihc 
K«ii ot water is dl>iurl>ed chiefly ni ot near the rarfiee f ehould Ihc 
folar belt dlmlnlth, wbit would be the efl«l on the wind* f 



IV. STOEMS. 

1. General DeftcripHoHt—StoTmBoitem- 
peste are sudden and violent commotions of the 
atmosphere. Especially at sea they are among the 
most grand and terribly sublime spectacles in nat- 
ure. A wind becomes a storm when it attains the 
velocity of fifty miles or more an hour. 

The great stcmia of the West Indies and of the 
Indian Ocean are called hurricanes and tornadoes; 
those of the China Sea, typhoons. [See Chart of 
the Winds.] These are alike in cause and charac- 
ter, and may best be considered under the general 
name of cyclone. This name, derived from the 



Greek kuklos, circle, refers to the fact that they 
consist of columns of air revolving round a perjien- 
diculur axis. At the same time tbey have a pro- 
gressive motion of greater or less rapidity over u 
certain portion of the surface of the earth. 

JlluttratioH. — Touhavp nollcol.PspeciaUjrinaatomn, lit- 
tle whirlwinds Iruvelling aloDK tho roads or through Ihe 
fields, and raising eildjring or whirling columua of leaves 
and dust to a great height These arc miniature cyclones. 
They have both a rcvoliing motion and a progressive one, 

2, Cause of Storms, — The general cause of 
all such atmospheric dlstnrbunces is the same in 
|)rinciple as that o( ordinary winds. It is a differ- 
ence or ineqnality of pressure or weight, in different 
regions of the atmosphere. The princi])le may be 
tbns stated : into an area of low harometer a v>ind 
must aln-tips blow from an area of high haromeler. 

When from any cause the weight of the atmoB- 
pbere in a locality is diminished, an ascending 
current results. Currents of colder and hcaricr 
air rush in fo supply the deficiency. The force 
and velocity of the currents thus created will be 
greater or less according to thediHereiice of atmoa- 
pheric pressure, or the " gradient," as meteorolo- 
gists call this difference. The larger the gradient, 
the more violent will be the resulting wind. 



Now suppose there is one area of low barometer 
and one of high ; the result will be a simple wind 



having one tlirection. Bnl; if the one area of low 
barometer have areas of high barometer on all 
sides of it, it is clear that from every one of these 
a current will flow in upon the area of low barom- 
eter. Such cnrrents do not pass in straight lines 
to the centre of the area of low barometer, bnt 
circle round it in an ever-narrowing spiral, grad- 
ually ascending ub they ap- 
proach the centre. They NORTHERN 
constitntc the cyclone. 
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lUutlrati, 
scribed by tho air-currents ot ft 
cfclDne ma]' be reiulily illustraled. 
Pill a basin having a stopper in 
the bottom witb watur. Remove 
the stopper ADd observe how tho 
water-currents take descending 
cpirftl courses. Thef move round 
the centre, but they also move to- 
ward the centre. They are like 
theair-cnrrents of acyclone turned 
upside down. 

S. LaivH of Stoi-iHH. — 

Cyclones obey the following 
well ascertained laws : 

(1) The wind revolves in 
opposite directions according 
as the cyclone is in (he north- 
ern or southern hemisphere. 
Ill the iiortheni the direction 
of revolution is from right to 
left, or against the hands of 
fi watch. In the sfinthern it 
is from k'ft to right, or with 
the hands of a watch. | See 
diagram, p. 81.] 

The whirl ia caused by the ac- 
tion of conAictillg air-curn^nts 
one upon ariotber. These are all 
seeking tho one area ot ion ba- 
rometer. The strongest DnrI most 
persistent will largely determine 
the direction of their united vol- 
ume. In Ihe tmpicB north of the "'"'' 
equator the Mtronj^st and most bthbm 
persistent current is the northeast (ShnvrJngdlrectiim ofw 

trade wind. It b met, however, 

we may suppose, by currents of cijubI or greater force from 
tho west, the southwest, the south, i4p. What will occur ? 
It is eAify to see how a northeast current may be driven out 
of its pathway ami divcrleil toward the south, and bow other 
currents eouiing in from the southeast may drive it to the 
northward ; and thus a eompletu whirl be produced. 

South of tho equator tlie op[>osite effect may be similarly 
explained. 

As the wind constantly revolves, it constantly changes its 
direction at any given place in the storm-track. On oppo. 
■Ue sides of the centre it lias opposite directions. Hence we 



see why the wind changes as soon as the storm-CMitre pMsrs. 
I This is ghowD by the " storm cards " on this page. ' 

Tht rattnl revolution, or '■velocity of the wind," isfnim 
I 50 to 150 miles an hour, 

I (2) The storm, while revolving, has a progret- 
I sive motion. The direction of this motion is de- 
j termined by the prevailing winds. In general it 
is northwest and southwest 
within the zones of the 
trades, and northeast and 
southeast in those of the 
counter-trades. 

The course of cyclones is not 
necessarily horizontal or puallel 
to the surface of the earth. The 
revolving column frequently dips 
down at oertaiii points in the line 
of ita pn^ress, and. again rising, 
leaves long distances untouched. 

The course of tropical 
cyclones is well defined. 
Xorth of the etinator they 
move northwestwardly up to 
about latitude 30° N. Here 
they turn to the norilienst 
South of the equator they- 
pursue the reverse course; 
stnrting near the tropics they 
iidvjtiicc toward the south- 
west, and near the parallel 
of 27° they turn to the >;outh- 
cust. Fnim this it will l>e 
seen that the pathway of cy- 
clones Bomewliut resembles 
tbc curve called a parabola. 
[Seo diagram, p. 81.] 

The Title ot travel varies from 
one to seventy miles an hour, 

(3) The storm-centre is 
<in area of calm, and also of 
low baromefer. The arrival 
of the titurm-centrc at any 
point is indicated by the 
hWini>.iHihfmi»piieiTi'> barometsr. The descent of 
tho morcury in trojiical 
I stonns often amounts to two inches. It is aome- 
I times so rapid that it can be detected by the eye. 
i This fall of tbc barometer occnra at the storm- 
I ccfhtre for two reasons : Ist, because the centre is 
1 nn area of warm, hamid air (sec p. 70); 2d, be- 
I cause the centre h an area of rarefactioii. 




To understand this, let u 
I It will be observed that in t 
I cyclone there is a cectral 



ur to our illustration above. 
iGC ol the descending waler- 
wbich is entirely free from 




Wter. The portioles iie*r the veiy oeotre ue drirbn awaj 

■floia i% bj oeDtiifugol lorce. -Just bo the air puiidw •rhicb 

vertical centre o[ the air cyclone &re repelled 

■natward tram the centre bj their centrifugal torce. This 

r nalcea the air in the centre leas dense, or. as we commonly 

wy, tarefie* it. Somelimea it would seem that the rare- 

t&clinn almost amounts to a Tacuum, 

StOhm iT St. Thomas.— On the SBth of OelobtT. 18t(7. 
the island of St. Thomoii wits visited by a violent cyclone. 

tin Ihe morning there was nothing unusual in tbo weather. 
The barometer stood at 30, At 1 1 o'clock, and without any 
warning from tlie Inrometer, a gale sprang up from the 
DOrthweBt. It blew tor an hour. Then there was n great 
calm, which lusted 18 minutes. The barometer now fell 
more than two inchca. 

TUia showed that Iho centre of the storm bad reached the 
ialand. So dense was the rain which now fe!l that objects 
20 yards away wore rendered invUlblc. 

The 13 niinutes of t'aira were the time during which llie 

storm-centre was travelling over Che islanil. When it had 

ised, there wtis a I'hunge in the wind. It had blown from 

! northwest ; it now eamu fmm the southeHSt. [See 

Morm card.] The storm at this tima.re(iched its heJght. 

The masta of ahips were literdlly whipped out of them. 
iSviery vessel in the harbor was wrecked, stranded, or die- 
|natil«d. Lunre blocks rit stone were llft«d from the earth 
Knd blown ulioui the Btreets. Houses were unroofed or car- 
tied uloug liythe wind: and in the short space of tour hours 
\A of persons hud been rendered houseless, 75 ves- 
kIs had been wrecked or crippled, and 111 lost 

4. Anti-Cyclones, — Cluaely assueiafccd with 
cyclones are Tast bodies of air the conJition of 
hicli is the reverse of tlmt of the cyclone. To 
ich bodies of air is given the name anli-eyclone 
-i.e., opi>osit« of the cyclone. 

Tlic cyclone is warm, moist, and light. The anticyclone 

tl cold, dry, and heavy. Hence the area over which an 

[iti-cyolone prevails is one of high barometer Occasion- 

llyin an aoti-eyelonu the mercury will rise to 31-25 inchea. 

Again (In accordance with the principle staled on page 

1) while in a cyclone air-curren Is flow inward from the cir- 

nuuference toward the centre. In (he anti-cyclone ourrents 

»w outward from the centre toward tlte circumffronco. 

Causbs op AsTr-CrcLONEB.— Heat causes the cydone; 

>ld, the anti'Cyclonc. At 15.000 feel alxive the sea IcTel 

low never melts. In other words, at the distance of about 

throe miles from the surface of the earth there is a sphere 

of air at or below treexing temperature all round the glolte. 

This is the reservoir of anti-cyclones. On page T7 is an n<j- 

eount of their descent to the surface of the earth. 



S. Vfiltte of Storm Lawn. — A knowledge 

tbo luw:j of Btorms \» of the utmost valae to tho 

naTigalor. By observing thi> direction of the wind 

he may learn in what direction the etomi-ceotreia 

from him. The rule is : turn t/aur bairk to the 

>ind, and the low barometer it always to your 

in the northern hemimphere, and in the south- 

hemigphere to your right. This will appear 

examining the diagram on page 81, and imagin- 

ig yourself with your back to the arrow heads. If 
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the sailor Itnovs whereabonts the storm centre is, 
he knows how to steer away from it. 

Aguin : suppose be finds hte barometer sinking 
rapidly, an inch or more below its usual height. 
He now kuowa that he is in tho storm-centre. 
Obviously it will bo well to trim the sails and pre- 
pare for a gale. The cenire of calm will soon pass 
beyond him and a tempest will strike him. 

ti. The Areas of Storms differ in size 
and shape. In Europe they arc nearly circular; 
in the United States, their shajie is usually an 
elongated oval. As to size, they arc seldom less 
than BOO miles in diameter. They average twice 
that umonot, 

7. Tornadoes nntl IHtirlwinfls differ 
from hurricunos and typhoons, (1) in duration ; 
and (3) iu extent of area. 




In passing over any point, tornadoes seldom oi 
thai) a few seconds. Their breadth varies trum a few yards 
to a mile or two, though their destructive effects are usually 
eonfloed to a narrow jiatli. 

The rate of their progressive motion is commonly about 
30 miles nn honr, and the length of their course 25 or 80. 
A tornado approaching is seen as a huKe fiintiel shaped 
cloud pointing downward, A noise, perhaps due l« electric, 
ity. and not unlike that of a ttwn of cars, is beard ; thnn. 
der. lightning, hail, and rain occur. 

A partial raeuum is formed by tho centrifugal force at the 
centre. Sometimes when the end of the funnel dips down 
and touches a building, tlif vacuum resting over it ») re- 
lieves the building from atmospheric pressure as to cause h 
sudden expansion of the air contained in it. Its walls then 
burst asunder as by explosive force. Tornsdoes s«ee[i 
everything before them. Houses are lifted up bodily, and 
lanes called ■•wind roads" are cut through the forests. 
Large tives are u;i-ruotcd and whirled ab<>ut like stubble. 



The region most frequently visited by tornadoes 
is the Mississippi Yalley. During the past 50 jeurs 
more than COO have occurred there. 

DrsT Whirlwinds.— Ill the deserts of Asia 
and Africa, whirlwinds sometimes draw up into 
their central core vast quantities of siind and dust. 
They thus become moving ouliimns uf satid, 300 to 
700 feet in height (as observed with sextant), and 
are known as " dnat whirlwinds." 

Tb« Samoom at " pobon w[|id " appears to be s desert 
whirlwind intensely hot, and bo mrefied as to be suffocating. 

Watekspouts,— At sea whirlwinds sometimes 
produce waterspouts. They correspond to the dust 
whirlwinds of ihe desert. The air-current, revolv- 
ing like that of a cyclone, takes up thff spray of 
the waves into its core of low pressure [see p. 82, 
(3) ], and the tall column moves over the waters 
with extraordinary speed. 

fi. I>Utribution of 8tormK.—[8ee Chart 
of the Winds.] The most violent storms occur in 
the vicinity of mountainous islands. 

The Paci^c is the most tranquil of the oceans. 
In those portions of its trade-wind regions where 
there are no islands, and where monsoons do not 
prevail, storms are unknown. The typhoons are 
confined to the southeast coasts of Asia and the 
Kast India Archipelago. 

The South Atlantic, along the coast of inter- 
tropical Brazil, is almoet stormless, whereas, in 
corresponding latitudes in the North Atlantic. 
among the West Indies, terrific hurricanes occur. 

The portions of the Indian Ocean specially sub- 
ject to hurricanes are the Bay of Bengal and the 
neighborhood of Mauritius. 

9. Weather Foreeasis,*—T>aT ng the las 
forty years observations upon the force and d 
rection of the wind, the course and I aract r 
of storms, the pressure of the atmosph r the 
amount of rainfall, the tem[)erature and rao sture 
of the air, have disclosed certain general pr nc 
pies or laws of the weather. 

Knowing these laws, and know ng b tele- 
graphic reports the weather-conditio s pr va 1 ng 
thronghont the country, we are enabled to pred ct 



etmhtvwx. which Look pliitc In BnuHlf. issa, Th 
wen *dopI«d. Bol llu' Idias of Lt. Vtmrj wvre 
ocean. In tba prelKe lo IIie recntu] cdiHnn nt hi 
pby ot Ihe Sea." pnUUtwd in I8GG, hr tayt ; " ll !■ « 
Uaa of Dhutvtttmiii rwannimndeil by tlic conferen 
to Ihn rn. Tin plan (hmilil lodadr the land a bo 
Ml," The prcHDi "I'.S.WdUhec Bureau" with I 
Slgiuil Svivke, la the urawnlug rciiBll uf hit labirH 
-Thi KiBttrr. 



from day to day, with considerable accuracy, I 
approach of storms, or of cold or hot weather. 

ObBAT STORMa OF THE UNITED STATES. — Mol 

of our great storms consist of northeasterly winifl 
and travel in a northeasterly direction. They t 
be conveniently classed as those which come to i 
from the PaciQc Ocean, and those which com 
from the Atlantic. 

The storms of the Pacific penetrate to a g 
or less distance into the country, and often i 
it entirely. Their general direction is eastwarofl 

The storms that come from the Atlantic are Art 
felt either at some southerly point on the Atlanti 
seaboard, or on the shores of the Gulf. Oeners 
they come in from sea by the way uf the Gu1& 
puss northward through the Mississippi Valle^| 
and then turn tothe northeast. 

Tlinse which make their appearance flr.tt on the Atlantk 
senboard are tbe western halves of cycloni's. which, puiw 
ing tbeir parabolic course, first northwestward)/ and the 
northeHstwardly, happen |>artially to euibruco our i ~ 
within their area. These western halt-cyclonGB consist O 
northeast and northwest gales. The eastern h 
same storms, eoasisting ot n^ales from the southwest ■ 
southeast, are at sea. The Klonn-cenlre pursues a t 
nearly coinciding with our shore line, 

PBEmcTiON OF Storhs. — The transient 
uncertain character of turnadoes renders it i 
possible to make exact predictions regarding theisj 

Ordinary storms, however, are so far regular ' 
that, in a large pro[Kjrtion of cases, their course. 
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after they haTe once mnnifested themselves, may 
be foretold with some degree of acenracy. 

SimaltaDeooH observations are made at 160 
stations scattered over the country, at 8 a.m. 
and 8 p.m. every day. These observations are 
telegraphed to the central office of the Weather 
Bureau, at Wiiahington, There they are exam- 
ined, and it is ascertained what they indicate. 

A storm begins, as we know, within or near an 
area of low barometer. 

Lool£ at Chart No. I. On March 21, 1891, at 
8 P.U., a storm-centre, marked "Low," was near 
Cincinnati. What weather shall we predict for 
tbe next day on the Atlantic coast ? 

(1) As the cyclone is in the region of prevailing 
westerly winds, it mnst be drifted to the eastward. 
We may safely predict that its centre will reach 
tbe Atlantic. 

(3) Since it will enter a more moist atmosphere 
when it ncars the ocean, we may also predict rain 
on the seaboard. 

(3) As its rotation is connter to that of the 
watch hand, we may he sure that the winds will be 
easterly and northeasterly in the N. W. quadrant 
or quarter of its area, and northerly to westerly in 
its 3. W. quadrant. [See Storm Curd, p. 82.] 

(4) As the atorm advances, it draws warm air 
from the south and the Gnlf Stream into its front 
and cool air from the Lakes into its western side. 
Oonscctnently, wo may predict a rise of temper- 
ature on tlic Atlantic coast and a fall of tempera- 
ture west of the Alleghanics. 

In fact, on the night of March 21, 1891, with 
Chart I before bim, a weather forecaster did make 
just such predictions for the next day, viz. : " The 
western storm will continue its easterly movement. 



In the Middle States, cloudy and partly 
cloudy weather, generally warmer, will 
prevail, with rain and northeasterly 
winds ; in Xew England, northeast winds 
with rain or snow at night." 

Chart II, — These forecasta were sub- 
stantially fulfilled. Chart II shows tbe 
actual winds, etc., at 8 p.m., March 32. 
The day began with high northeast winds, 
and rain on the coast at Cape Hatteras, 
winds causing great damage on the Jersey 
coast, and attaining a velocity of forty 
miles an hour at Block Island by nigbt. 

This explains how tbe weather is fore- 
told. The Weather Bureau telegraphs its 
" weather probabilities " daily all over tbe 
country, and by its bulletins forewarns us 
of approaching wind and rain, heat und 
cold. On the approacli of a storm, cau- 
tionar}' signals are displayed at tbe lake ports and 
at those oF the Atlantic coast. The annual saving 
of life and property due to these warnings is im- 
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8. Cftue of Btormi. 

Cuw: or rpinl movemenl. Illa^IrUton. 
S. Lkwi dI Stomu. 

DlnctloD or the whirl. Fomrd mutloD of llw 
■Uirm. CilmaT tbe ccntn. Cuimh ot low b>. 
roEoelei' tt centre, Stonn at St, ThonuA. 
4. AnU-CjnlonM. 
fi. Vkloa of Stonn Lkwi. 

7. Tora«doM Mid WUrlwindi. 

DUterence betwnn theH uid bnnieuiH. Dertrac- 
livB effecu. Dart whlrlwlndi. Witenponta. 
1. Dlabributlon of SMrai. 



9. 

Oku Morm* or the Unltdd SUW*. Pndlciton or. 

Tin QimriOHs.— Ii there anj relulon betwoen (he frequeney anl 
ixwer or Monna and [he lemperalore of the placea where tbeji octar r 
Why do thej form more ■iibllm« apectacles at wa than on land! 



V. MOISTURE OF THE AIR. 

1, Amount. — More or less moisture is always 
present in the air. It exists as vapor. This vapor 
is invisible, yet we can estimate its amount. The 
rivers measure it for us. What they discharge into 
the sea has been taken ap as vapor from tbe sea. 

The general law regarding the amount of moist- 
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Tire in the atmosphere is, that the wartner the air, 
tlis more moisture it can contain. 

2. Evaporation* — One of the most wonder- 
ful of the many wonderful properties of water is 
the readiness with which it passes from one of its 
forms to another. The assuming of the condition 
of vapor is termed evaporation. 

Evaporation goes on at all temperatures and in 

<dl circumstances until the air is saturated. 

JUuatraticns, — You may have observed water drying in 
our streets and roads after a rain, or clothes hanging on 
the line frozen stiff, and yet becoming dry; or you may have 
seen a light fall of snow disappear in freezing weather. 
These were all cases of evaporation. 

Eyaporation is accelerated and augmented (1) 
by high temperature ; (2) by diminution of press- 
ure ; (3) by a dry condition of the atmosphere ; 
(4) by wind. 

Effect of Temperature. — 77ie higher ths 
temperature, the greater and more rapid will evap- 
oraiion be. Hence we find the maximum of 
evaporation within the tropics ; the minimum at 
the poles. EAaporation takes place chiefly through 
the day^ and in the warmest part of the day. 

Effect of Pressure. — Tlie less the atmospheric 
pressure, the more rapid will evaporation he. In 
a yacuum there is almost no pressure, and theie 
evaporation takes place almost instantaneously. 
Hence on the tops of high mountains, where the 
pi*essure of the atmosphere is very much dimin- 
ished, evaporation goes on much more rapidly than 
it does at the sea-level, where the full pressure of 
the entire atmosphere is felt. 

. Indeed mountain peaks may be so high as to be 
entirely free from snow, while a belt of snow gir- 
dles the lower part of the mountain. The reason 
of this appears to be that at certain altitudes 
snow evaporates so rapidly that it cannot accu- 
mulate. 

Aconcagua in Chili sometimes appears with its 
bare and bleak top peering above a girdle of snow. 

Effect of Dryness. — Atmospheric air can 
absorb or take up a certain amount of moisture. 
Warm and dry air will absorb far more than cool 
and damp. When air has absorbed all the moist- 
ure that it can retain, it is said to be saturated. 
Now if the air be near the point of saturation, it 
is clear that evaporation will be retarded, while 
again if the air be dry, it will be encouraged. 

In a damp, foggy atmosphere you see every 
breath that you discharge. The air has all the 
moisture that it can contain, and has no absorptive 
capacity. In a dry warm air your breath is invis- 
ible. It is absorbed as soon as it leaves your 
month. 



Effect of Wind.— If a wind blow upon the 
surface of water^ eyaporation is accelerated. This 
is because as fast as one portion of the air becomes 
charged with vapor, it is removed, and a fresh por- 
tion takes its place. 

3. Condensation and Precipitation. 

— ^Vapor returns to the liquid or solid state and is 
deposited upon the earth by the processes called 
condensation and precipitation. 

When condensed, it assumes the form of dew, 
white or hoar-frost, fog or cloud, hail or snow. 

The great cause of precipitation, or the removal 
of moisture from the atmosphere, is loss of heat. 
The atmosphere can contain more or less Tapor in 
a state of absorption in proportion to its tempera- 
ture. If the temperature be 50° Fahr. a cubic 
foot of air can absorb about 2 grains' weight of 
vapor. At the temperature of 70** Fahr., i.e., with 
an increase of only 20* of heat, the proportion of 
vapor is about twice as great. 

From this it is easy to see why reduction of 
temperature causes precipitation. Suppose a cubic 
foot of air saturated with moisture to be reduced 
in temperature, even very slightly ; it is obvious 
that its capacity for moisture will be at once re- 
duced, and a certain portion of its vapor must be 
precipitated. The temperature at which the 
deposit in such cases begins to take place, is called 
the detO'point. 

4. Hoiv Detv is Formed.— On clear and 
calm nights, the grass, the leayes, and other ob- 
jects rapidly radiate their heat and grow cool. 
They chill the surrounding air. It can no longer 
contain the same amount of moisture as when it 
was warm. Hence a portion of it is condensed 
and deposited upon the leaves in the shape of fine 
drops of water. We often say " the dew begins to 
fall,^* though, strictly speaking, it does not falL 
It is deposited upon the grass precisely as, on a 
hot summer's day, the moisture is deposited on 
the outside of a pitcher of ice water. 

Clouds check radiation, and hence on cloudy 
nights less dew, or perhaps none at all, is 
deposited. 

You must have noticed that dew, and hoar- 
frost, which is the same as dew, only frozen, are 
deposited on some objects more copiously than 
others. This is because some radiate heat more 
rapidly, and therefore chill and condense more 
quickly the vapor that floats above them. 

.7. IPoff. — Vapor coming in contact with cool 
air, if chilled below the dew-point, becomes vis- 
ible. It assumes the form of fine watery parti- 
cles which we call mist or fog. 
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Illustrations.— The condensation of your breath 
into miBt, as it passes from your month into the 
cold air, ia a familiar illnatrntioii of this. 

Yoii may also haTe observed that in a clear, 
calm, ai)d frosty morning the springs, pondS) 
and rivers "smoke." This ia the same phe- 
nomenon that ia exhibited by the ateam which 
issues from the tea-kettle, the locomotive, and 
the steamboat. Tlie " smoke " is a miniature fog. 

Very often, too, fogs are seen upon the surface 
of rivers in the early morning. Toward noon they 
vanish. The morning air, because cool, cannot 
retain so much moisture in absorption, but when 
tiie rays of the sun have warmed it, and increased 
its capacity for moisture, it absorbs the vapor, and 
the fog disap- 
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face of the earth in regions of perpetual frost. It 
IB supposed to consiat of minuto crystals o£ ice 
such as we see in the snowflake, and may be de- 
fined as frozen fog. 

Ctrrns elouds are oft«n heralds of the cyclone. Theae 
nimble tureriinnere have been oheerved 800 inilea In advance 
of a storm. They sornetimes caution the mariner, ere his 
barometer gires any tntimuliou of the approaching lem- 

Cdmclus clouds derive their name from the fact 
that they are heaped up, like vast mountains tower- 
ing one upon another. They are often of glisten- 
ing whiteness. They abound in the tropica, and 
frequently appear in the sky of temperate latitudes 
during the summer, when evaporation is rapid. 

Of all cload- 
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densed into fog 
as fastas it rises. 

Though foge are most frequent in summer, they occur 
on the Grand Banks at oil seasons, producing in winter the 
eicjuisitely beautiful silver fogs of Newfoundland, which 
garnlah the forests of that island with frostwork. 

6. Clouds. — A cloud is simply a mass of mist 
or fog floating high in tlie air Instead of near the 
ground. 

Clouds present a very great vai-iety of appear- 
ance, and hence are dirided into seven classes ; 
three simple, cirrus, cumulun, and stratus ; four 
compound, cirro-cumtilua, cirro-stratus, cvmulo- 
ttruius, and cumulo-cirro-siratus or nimbus. 

Cirrus.— The cirrus or curl cloud consists of 
white wavy lines or curled bands. It is the light- 
est of all cloud-fnrms, and attains the highest ele- 
TStions, floating four or five miles above the sur- 



render the sunset sky so beautiful. 

The compound clouds combine the features of 
the simple ones from which they are named. 

The Cirbo-cumulus is made np of fleecy masses 
of cirrus which roll themselves np into rounded 
shapes. These cause the mottled appearance com- 
monly known as a " mackerel sky." 

The Cirro-stratds consists of layers of cirrus 
clouds. They are often so arranged as to resem- 
ble a shoal of fishes, all swimming parallel to one 
another. This cloud, like the cirrus, is often the 
precursor of storms. 

The Cumulo-stratus is formed of heaped 
clonds resting on hiyer clouds. Like the cumulus, 
its general mass is often quite dark and threaten- 
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ing, while its edges are bright with sunshine that 
is behind the clouds. 

The Cumulo-cirro-stbatus, or nimbus, is 
simply a cloud of any kind from which rain falls. 
Heaped clouds, and curls and layers blend to- 
gether, lose their characteristic features, and form 
one dense leaden mass. It often overspreads the 
whole heavens. 

Velocity. — The velocity of cloud movement, 
when accurately estimated by observers, is found 
to be far more rapid than we should suppose from 
the apparent rate of the "passing cloud." It has 
been found that cirro-cumulus and cirrus clouds 
which seem to be moving at a leisurely rate are 
often travelling 75 to 100 miles an hour. 

This is of very great interest, for it indicates to 
us the velocity of the upper currents of the at- 
mosphere. 

Height of Clouds. — When clouds rest on the 
tops of mountains, they are actually in contact 
with the earth ; often indeed they are below the 
summit of the mountain. Their average eleva- 
tion, however, is about half a mile. At times they 
cannot be less than four or five miles high. 

Why thk Clouds do not fall.— Clouds are not vapor; 
they consist either of minute vesicles — that is, tiny hollow 
globes of water— or of fine ice>crystals. In either case they 
are much header than air. Why, then, do they not fall ? 
So far as we know, they are falling constantly. But the 
lower part of the cloud, as it comes into warmer air, is dis- 
aolved again to A*apor, and disappears, while a new portion 
may at the same time be formed above. Thus the cloud, 
though constantly sinking, retains its place. 

A different view is proposed in a recent theory. It is 
that clouds consist of minute watery particles which have 
attached themselves to motes floating in the atmosphere, 
and that these buoy them up. 

Offices of Clouds. — Aside from their dutv as 
water-carriers the main offices of clouds are two : 
(1) they screen the earth from excessive heat in 
summer, while in winter thev are a mantle to 
keep it warm by checking radiatiou. 

Plants and animals are distrvsseil by the intense heat of 
the niKmday sun. Hut the morv powerful the ray. the more 
rapid is evajn^ration. Six>n vapor erousrh is lifted from the 
earth to fonn the mitigating clouds. They overshadow the 
land, and plants and animals rejoi^.^e in their shelter. 

(!?) Thev enhance the beauty of the natural 
world. A pure blue sky, unvaried day after day 
by a cloud, is not to be compared with one in 
which aiure and white are contrasted. Nothing 
k more missed by the traveller in Egypt than the 
grmndeor of our storm clouds and the varied 
beftoty of our evening skies. 



of cloud. '^ If^ however, the process of condensa- 
tion continue^ and vapor ^xist in abundance, it is 
easy to see that the tiny water particles which 
make up the cloud will increase in size, until they 
are too heavy to float, and will fall as raindrops to 
the earth. 

The general cause of rainfall is that a certmn 
volume of vapor-laden air has been chilled belmo 
the dew'pointy so that it has no longer the same 
capacity for maisture as before. This may be 
brought about in several ways : (1) the moist air 
may be driven up a lofty mountain slope into the 
higher and colder regions of the atmosphere ; (2) 
it may be carried upward as an ascending current 
of heated air ; (3) it may be chilled by being 
mixed with a mass of colder air ; (4) it may be 
chilled by being expanded, when drawn into the 
centre of a cyclone. Such a centre (p. 82) is an 
area of rarefaction. Hence air entering it will 
expand, and expansion has the effect of cooling it 
and condensing its vapor. This last caase pro- 
duces the heaviest rainfalls for short periods. 

8. Distribution of JSain.— Eain is very 
unequally distributed over the earth. 

(1) The rainfall is greater on land than at sea. 

(2) ft is greater in mountainous than in level 
regions. 

The reason of both these facts is, that elevations 
have the effect of directing vapor-laden air into 
the higher, cooler regions of the atmosphere. 

(3) The rainfall is greater in the torrid than in 
any other zone. The average annual quantity at 
the equator is eight feet. It diminishes as we ap- 
proach the poles. This follows from the fact that 
the torrid zone, being the hottest, is that of the 
greatest evaporation. 

These are the general facts regarding the distri- 
bution of rain. We must now consider how this 
distribution is brought about. 

9. Begulators of BainfalL— The gresii 

regulators of the rainfall are the mountain chains, 
the deserts, and the winds. Each of these has an 
important part to perform in distributing the rain 
; over the surface of the earth. 

IxFLUEXCE OF MouxTAixs. — 7^ mounfoins 
are the great condensers of vapor. If moontain 
chains face the winds that oome from the sea, they 
render the r^on between themselves and the sea 
a well-watered one. They not unfreqnently make 
rainless the r^on beyond them. They rob the 
winds of their moisture. 



7* JBltln« — ^The first form assomed bv the 



•Rain acaaeC ii ao fiidls from a doodiew 
condeoMd directlj into water, witkovt 

of the uffer air whoi condensed is that so^ oc ckmd. 
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/k India. — Thus the Himalayas fuce the 
eonthwcet monsoon, bb it conies freighted 
with \apor from the Indian Ocean, They 
make India one of tlic most productire 
countries in the world ; but the plateaus 
lying to the north of Ihem are almost rain- 
leas. On a smaller scale the Western 
Ghauts act in the same way. They, too, 
lie in the pathway of the monsoons, and 
intercept and condense their vapors. The 
annual rainfall upon their top§ iimounts 
to about 280 inches, while the country nn 
the east of them receivea less than '-iv 
indies. 

But perhaps the most striking ilUiatrft- 
tion of the infiuenee of mountains upon 
rainfall is to be found in the case of the 
Khasia hills, on the northern shores of the 
Bay of Bengal. They intercept the south- 
west monsoons, us they come burdened with 
vapor from the bay. The result is that the 
winds, as they slant up the hills into the 
higher and cooler air, have their moisture 
at ouce precipitated as rain, of which 
about uOO inches fall there in the year. 

In South America the influence of the 
Andes is familiar. The nortlieast and 
southeast trades come from the sea sata- 
rated with vapor, and so go into the inte- 
rior, rising, and cooling, and dispensing 
showers as they go, until they reach the 
crest of the Andes. Here the cold is suf- 
ficient to squeeze almost all the remaining 
moisture from them. Thus the eastern 
aide of these mountains, within the trade- 
wind region [see Chart of the Winds], is 
abundantly watered, while the western is 
dry. Hence it is tbat Peru is a rainless 
country. 

South of the mouth of the La Plata, the 
reverse takes place. There tlie prevailing 
winds are from the west. They come from 
the Pacific, reeking with moisture, and 
water the western slopes of the Andes, 
causing the excessive rains of Southern 
Chili, The eastern aloi>es are comjjaratively dry. 

In nttr own country the Cascade Range aud the 
Sierra Nevada have a similar influence. They lie 
in the pathway of the westerly winds which come 
loaded with moisture from the Pacific They act 
as condensers, and bring down the copious show- 
ers which give fertility to the Pacific slope. 

IxFLrExcE OP Deserts. — In many cases the 
deserts are the directors of the windB, and thus 
become regulators of the rainfall 




India ie in a region Id which the nonhessl 
trade winds blow over the land, and are rainless. 
Were it not for the deserts of Central Asia, which 
have the effect of drawing in the southwi-st i 
soons [see p. 80], India would be as arid as Gobi. 

In Africa the Sahara prodacee the monsoons 
which blow from the Indian OceaL npon that con- 
tinent. By the month of June, the desert ia 
heated up sufficiently to bring in the sea winds. 
The nuny season then begins, and lasts till lati> 
in aut:umii. 




mntial raindiil? Whsl L'omilries of Soiilh Am 
Wh&l countries on ihf onut luid weal, abores of Atrii-i 
What portions of Asia? Of AustrolU? GiTe ihp 
in BAcb cs.°c. 

At what fit'ason are the rains of Europe inort frequent? 

In wliat [larls of Noiih Aiuerioa does rain occur 
throughout Ihe year? 



The periodical overflow of the Nile is due to 
the rains into which the vapor iB condensed which 
the African monsoons bring with them from the 
sea. ThiiB Egypt oves its fertility in eonie degree 
to the btirniQg eonds of Soliara. 

North America haa its deserts and its monBoons, 
though they are far less marked than those of the 
Old World. 

The Ubie-lands of Meiira. Arizona, the dry plains of 
TeiBs, Now Meiii^o, and the neighboring regions, are 
lieated by (he summer sun (o such n degree, that the iiir 
r(>3ting upon ttiem bvcomes rarefied, and ascends, the eooler 
air iivm tar and near coming in to restore the equilibrium. 
Thus a suuClieast monsoon is created in the Gulf of Meiieo, 
and a southwest one in the PociHc. 

Both of tliese winds blow toward the land, and bring the 
rains to Mexico, so that onu siilu of that country i^ watenxl 
from the Pacific, the other from the Allanlic Ocean. 

Influence op the AVinds- — As a general rule 
winds are dry, if thuy have traversed the land, or if 
they are journeying toward the eqnutor. Winds 
are wet, if they liave traversed the eea, or if they 
are journeying from the equiitor, 

'Dry Winds. — Land winds are dry for the sim- 
])le reason tliat they liave so little opportunity to 
take up moisture. Thus the northeast monsoons 
which sweep over the inland regions of Asia are 
the dry monsoons. The westerly winds of our 
own country, all the way from the Sierra Nevada 
to the Atlantic, arc dry winds. They bring our 
fair weather. 

Again : a wind that is blowing toward the 
equator is dry, because, entering wanner latitudes, 
it is gaining capacity for moisture with every de- 
gree of its progress. The trade winds, for ex- 
ample, hlow toward the equator. You jwrceive, 
thei-efore, that tliey are going from cooler to 
warmer latitudes. Their temperature is increased 
by the way, and with increase of temperutnro 
there is increase of capacity for moistui-e. The 
trade winds, therefore, take up more water from 
the sea than they return to it. They arc evapo- 
rating winds. 

Wet Winds. — Sea winds and winds blowing 
toward the poles are rainy. Tlio count«r trades 
go toward the poles. They are travelling from 
warmer to cooler latitudes. Their temperature is 
decreased by the way, and, therefore, there is a 
decrease in their capacity for moisture ; they de- 
posit more than they take up. They are, there- 
fore, rain winds. 

10. Rains Ctasalfied. —The winds are 
classified according to the regularity with which 
they blow, as constant, variable, and periodical. 
It IS proper, therefore, to classify the rains which 
they bring in the same way. Hence, according to 



Hie nature of the supplying winds, the rainfaU in 
any given region is Constant, Periodical, or Van- 
able. 

Constant Raiss. — The constant rains an 
confined to a belt near the equator, about 5° wide. 
In this belt there are almost daily showers. The 
cause ia clciir. 

Tlie northeast and sonthcast trades meet aw 
the equator. They are so completely saturatal 
with moisture that the sailor, hanging out liii 
clothes in the morning, is often suri>risfd to fiml 
in the evening that they have not dried in the 
least. TIndor the vertical rays of the sun an ns- 
cending current is produced winch carries the 
vapor-ladcn air into the higher regions. of Hic 
atmosphere. Here tjie vapor is cooled and con- 
densed ; and hence the frequent thunder showen 
of this region of constant precipitation. ' 

Periodical Rains. — Within the tropics, to the j 
nortli anrl to the south of the narrow belt of Con. 
Btant Rains, lie the zones of Periodical RaiuH. 

In the Neto World the periodical rainfall is 
closely connected with the annual movement ( 
the Equatorial Calm Belt and its accompanjii ' 
Cloud Ring. 

The Calm Belt travels northward and i 
ward, following the annual movement of tliea 
in the heavens. It is farthest south in Mai 
and farthest north in September. 

During the time that it is passing over a pla 
it gives to that place its rainy season. Afte 
has passed, there is scarcely a drop of rain antil^ 
cornea again. 

Let us follow the elond ring In Its Journey from south lo 
north, and jou will readily understand its roovementa, anJ 
the rainy seasons that depend upon them. 

The time is February; it ia then over Guayaquil (Int. 3' 
S.), and then the ruiny season there is at its height. ]t com- 
mences its movement for the north in March. Quitting lie 
skies of Guayaquil soon after, it leaves them bright and 
dear with the eommencement of the dr)- season. In a littk 
while it has travelled as faraa latilude i' N. It then over- 
Hhadows Bogota, where the rains begin in April or May, 
In June it is over Panama, and hence a rainy season pre- 
vails there; and so the cloud ling continues on to Meiieo, 
reaching Mazatlan, just under the tropic, about September, 
when it commences its march toward the south, so aa to bi 
again at Guayaquil by Febniarj- or March. i 

It ia clear that on its return from north to south Uk 
cloud ring must give lo certain places a second rainy aeaaon, 
becausu, in coming and going. It passes over them twice. 

In the Old World the periodical rains are occa- 
sioned by the monsoons or reversed trades. For 
about six months, in Southern Asia and Central 
Africa, copious rains fall. When the monsoons 
change, the dry season sots in, and scarcely any 
rain falls until aft«r sii months, when the ' 
monsoon begins to blow again. 
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Rainy and Dry Seasons. — Within the belt of 
the Periodical Rains the year ie divided into rainy 
seasons and dry. 

In fteneral teims, the nioj season in the northeni belt 
ma; be said lo b^n with April, and last till Ocudwr, while 

the dry season extendi! from October till April. In the 
souttiem belt this order is reversed — (he drj season lasting 
froiQ April till Oetober, and the season of rain from Octo- 
ber til] April, 

It is not to b« BUpposeil that during the rainy season 
there is an incesdant fall of rain. In Mexico, for instance, 
the rainy season is the most delightful |x>nion of the year. 
As a rule, the nights and mornings are clear and beautiful, 
and the weather flue, with a few hours of tain after three 
or four o'cloek p.m. 

Variable Haiss, — North and south of the 
belts of Periodical Rains, the rains become Varia- 
ble ; i.e., they are irregularly distributed through 
the year. In some countries they occur mainly 
daring the summer, in others during the winter; 
in others, again, during the spring and autumn. 
This condition of things prevails throughout the 
temperate regions. 

11. Excessive and Deficient Jtafn- 
fttU. — Owing to the influence of local causes, 

there are regions of excessive and deficient rain- 
fall. Let the pupil, now familiar with the influ- 
ence of the winds, the mountains, and the deserta, 
refer either tho excess or the deficiency in the 
cases about to be mentioned to its appropriate 
cause. [See Rain Chart.] 

Regions of Excess.— Naturally the regions of 
excessive rainfall, with few exceptions, lie within 
or near the tropics. Cberrapunjee, in the vicinity 
of the Khasia hills in India, receives annually 
about 500, and in some years 600, inches — or a 
depth of fifty feet — a greater amount, so far as we 
know, than any other place on the globe. 

Parte of the British Isles, the coasts of Guinea and Sene- 
pimbia, Eaatem Africa and India, are all remarkable for 
their heavy rainfall. 

In the New World, Brazil, Guiana. Venezuela, the West 
India Islands, Central America, Patagonia and the Pacific 
shores of Alaska are all regions of eicesaive rainfall. 

Regions op Depiciency. — Rainless or almost 
rainless regions are _tbe great belt of deserts ex- 
tending across Africa and Asia, from the Atlantic 
nearly to the Pacific ; the Great Basin in North 
America, lying eastward of the Sierra Nevada ; 
Peru, together with the northern part of Chili, 
and portions of the Argentine Repnblio lying 
eastward of the Andes. 

Cultivation in all dry countries is carried on by means of 
irrigation. For this purpose tanks have been constructed 
in India at vast expense. The Peruvian farmers avail 
themeelves of the mountain-streams that are fed by the 



snows of the Amies: while the peasant of Egypt, like his 
forefathers, supplies his fields and gardens frnni the sarred 
water* of the Site. (For irrigation in U. S. see Recent Facls.t 
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VI. HAIL, SNOW, AND OLACIBBS. 

1. Hall. — MoiBture, descending throngh the 
cold npper regions of the almoephere, is some- 
times frozen, and becomes hail or snow. 

When examined carefully, hail has been often 
found to consist of concentric layers of ice, encas- 
ing one another like the layers of an onion. 

In size, hailstones vary. Occasionally they ureas 
large as marbles, or even lions' eggs, so that severe 
hailstorniB occasion very great damage to crops. 

The formation of hail is not well understood. 
The sudden ascent of moist air into the cold upper 
regions of the atmosphere is, probably, the most 
common cause of this phenomenon. 

Glaisher, in his balloon ascension, fonnd the 
temporatnre, at the height uf tljree miles, 18" 
Fahr., at four, 8°. at five, —'i°. The temperature 
at (lie Kvirfiicu wub 511". 




:;;. A'*(0H'.— The moisture that falls from the 
clouds, frozen in flakes, ie called snow. When ex- 
amined, it is nsually found to consist of exquisitely 
formed crystals, which are generally in the shape 
of a six-pointed star. [See illustration. ] 

Snow rnrely occurs within the limits of about 
30° north and south latitude, except on high 
monntain tops. It is naturally more abundant as 
we approach the poles. It is also in general more 
abundant where the climate is inland, than where 
it ie maritime. Paris has, on an average, 12 
enowy days in the year ; St. Petersburg, 170. 

STum is perpetual, however, even at the equa- 
tor, upon all heights greater than about 3 miles 
ftbore the sea-level. The line above which snow is 
always fonnd is called the snow-line. [See small 
map on p. 105.] It varies in altitude from many 
causes. 

Whatever tends to elevate the temperature of 
any locality, tends also to elevate the snow-line. 
Hence a low snow-line means a cold climate. 
While at the equator the snow-line is 16,000 feet 
high, at the Straita of Magellan it is only about 
4.000, and in Xorway nbout 5,000. 



Thk Offices of Snovt are two-fold : (1) 
protects the earth and the crops planted in la 
automn from the intense cold and the injurioua 
effects of frost. Sometimes there is a difference 
of 40° between the temperature of the ground a 
little below the surface, and that of the snow that 
covers it ; (3) the vast quantities of snow that fall 
on the great mountain ranges, as the Himalayas, 
the Alps, and the Bocky Mountains, serve as peiwfl 
petual feeders of the rivers. ■ 

Tht quanfiiy of anote that falls on an extensive range of 
mouDlains, Euch as the Alps, is verj great. AgasstK ob- 
served a fsll of flfly-seven feet in six months at the Hospice 
of Grimsel, and Dbaervationa during twelve yeaiB near the 
Pass of the Qreat St. Bernard showed an annual snow-fall 
VBTjing from twelve lo forty- (our (eel. It has been esti- 
nmted that Ihe avera^ anaual snow-fall on the Alps 
amouDts to sixty feet, which is equivalcDt to six feet ot^ 



Avalanches. — A large part of the snow^ 
us already stated, gradually melts and flows 
through the river-courses to the sea. Other, 
although much smaller portions, descend the 
monntain slopes into the valleys as avalancheii. 
The snow is loosened from its bed by the warmth 
of the advancing season, and plunges down tlie 
fltoep declivities with frightful velocity. Som»;., 
times the very echo of a loud word is enoug] 
to disturb the overhanging mass and hurl 
into the valley below. 



4 



Many instances arc on record of theappalling deatmo- 
tion wrought by this scourge of the Alps, whole villsges 
having been overwhelmed, and hundreds of lives destroyed 
by a single avalanche. Tbiclt foreslsore the best protection 
against danger from this source, and in forruer timtt iW 
penally of death has been adjudged ugHinst any who should 
destroy a single tree of the protecting barrier. 
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3. Glaciers (from the Yrcnch glace, ice,) a 
vast mosses of ice filling mountain valleys, 
agino a river descending a ravine to be dammed 
up so as to fill the ravine completely, and then to 
be frozen solid. This will give you some concep- 
tion of a glacier. 

FOKHATiON.^ — The process by which glacien 
are formed appears to be aa follows ; the snow " 
that falls in elevated ravines gradually becomes 
compacted in structure, owing to its partial melt^ 
ing by the sun's rays, and from the pressure of its-a 
own weight. 

If we should follow one of these ravines dow 
ward, we should find the snow growing more a.n6L 
more solid under our feet, until we reached tlia 
snow line. Below this line we should find tha] 
compacted snow turned to ice. Following thi 
course of the ravine we should observe that tlu 
ice mass filled it from side to side and terminate 
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at length among the gardens and paatares of the 
lower valleys, a etream of water gushing forth 
Irom it« cavemoQg extremity. Tliis is aglacier of 
the first rank. Others again, emuUer in eitent, 
and containing comparativeiy little ice, never 
•Xesch the lower valleys. These are glaciers of the 
ifocoiuf rank. 




I 



TBE ifEa-i>e-flLAcrL— (Krom a Fbolojrrttph.) 

The compacted snow reaches about to the snow- 
[ line, and is called the neve (na-vii). The neve is 
' in general about half the density of ice, or more 
than three times that of snow. 

Motion of the Glaciers. — Solid and immov- 
able as these mighty seas of ice appear, tliey aro 
really in motion. Long before glacier motion 
was suspected by scientific men, it liad been known 
to the mountaineers that blocks of stone lying 
! upon the surface of glaciers moved slowly down- 
l-Vard. 

f A largo number of carefully conducted observa- 
tions have been made, which prove not only that 
the glacier haa motion, but that its motion closely 
resembles that of a river. It is swiftest in the 
centre, and slower, owing to the friction, near the 
sides and bottom. Notwithstanding this move- 
ment, the termination of the glacier retains about 
the same position from year to year, because it is 
melted away aa fast as it moves downward. 

Rate of Motion. — Tlie rapidity of the motion of 
s glacier depends upon the season of the year, the 
eize of the glacier, and the inclination of its bed. 
The motion is more rapid in summer than in win- 
ter, in the day time than at night, and in a large 
ind deep glacier than in a small one. 
The average rate per year, for glaciers of the 



first rank in the Alps, is not far from 100 yards ; 
for glaciers of the second rank, not more than 
one quarter of the same amount. 

The middle of the Mer-de-Glace was found by 
Tyndall to move 20 to 33 inches a day in snmmer. 
The rate is about half as much in winter. 

The following figures eipress iii yards thp motion, during; 
one fear, cil a row of poles set in a straight line across the 
glacier of the Aar, by Prof. Agassiz : 

B. 80. 4». 55. 02. M. 67. 68, -JO. 08. 64. -M. 47. 30, 31. 
11. 1. 

The ceiitml part, therefore, moved al)out tW yards a yi'ar. 

The great glaciers of Greenland and Alaska 
move at the rate of 60 to 100 feet a day. 

Some glaciers, notably that of the Rhone, tell 
their own tale of their movement down the valley. 
On their surface concentric curves aro seen bulg- 
ing toward the lower end of the glacier. These 
show, as clearly as a line of stakes, tlie more rapid 
movement of the central portion of the glai-ier. 

Owing to the slowness of tho glacier motion, 
what is now the upper end of the glacier may be 
a century or more before it gets to the foot of the 
mountain. 

Theobt of Glacier Motion. — Various theo- 
ries, none of which is in all respects satisfac- 
tory, have been advanced to account for glacier 
motion and tlie accompanying phenomena. The 
first thing to bo accounted for is the motion itself. 
Two causes for this may be given : (1) gravitation ; 
(2) expansion within the glacier. It is probable 
that both these take part in producing the motion. 

Gravitation, or the weight of the glacier, would 
naturally draw the mass down the slopes of the 
valley. 

Expansion within the glacier needs explanation. 
When the water from the melted surface of the 
glacier percolates downward into tho interior of 
the mass, it encounters a temperature of 32° Fahr. 
It freezes and of course expands. Its expansion 
must necessarily take place in the direction of 
least resistance, i.e., toward the lower end of the 
valley. When wo recollect that freezing water 
will burst a plugged bombshell [see p. 43], we can 
readily sec that a force will be developed by the 
water fi'eezing in the glacicr-mass quite sufRcient 
to aid materially in urging forward its enormous 
weight, 

Regelation. — The facts must now be considered, 
first, that the ice of a glacier accommodates itself 
to the shape of its enclosing valley very much as 
a river does to its channel ; and, second, that after 
fracture its parts reunite. Those phenomena are 
explained by what is known as regelation or second 
freezing. If we pound a mass of ice into frag- 
ments and then moisten the broken surfaces, the 
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trsgmenta vUl readil; freeze compactly together 
agnin. 

This ia what occnrB in a glacier. In passitig 
through narrow gorges it is crushed and broken, 
and in gliding over steep irregularities in its bed it 
is cracked and splintered. The lower parts break 
away from the upper, and fissures of great depth 
called crevasses are formed, as shown in the fol- 
lowing illuatrution. 

Bat after the ice haa been thus broken and 
splintered or sundered by crevasses, it reunites and 
forms one compact ma£s. The crevasses admit 
warm air, and their walla are perhaps slightly 
thawed, or, the ice on the top of the glacier being 
melted, water trickles down and moistens the 
fractured surfaces. In this condition the mass of 
fragments is compressed by its confining volley- 
walls, the sandered portions are brought together 
again, and regelation occurs. 

EfeU of pr'»itarton meUing poinl of ic. — It appeHrs frnm 
ret'cnt experimeDts that under pressure ice raeltij at a lower 
lemperature than 82° Fahr. If a wire weighted at each end 
be caused to cut through a block of ice, water will be seen 
flowing routid the wire, whili!, ia the cut behind or above 
the wire, it ia found to be frozen. This experiment has an 
important bearing upon the phenomena of glacier motion. 
Preesure in obviously eiorlM by certain portions of the 
glacier upon others, especially when the glacier is squeezed 
within gorgEe. If this pressure develop heat enough to 
bring the melting puint of ice tn 38° instead of 33", it is 
ensy to Bee how the onward movement of the glacier would 
be facilitated hy reason of its pnrtiHl liquefaction. 

Moraines. — The rocks and dibria brought 
down from the slopes of the ravine by the action 
of the frost and by avalanches, accumulate along 
the sides of the glacier. Hence a durk band of 
earth and stones may be seen upon each side, va- 
rying according to the character of the rock en- 
countered. These bands are called moratnes. 
Occurring at the sides they are called lateral mo- 
raines. 

At the confluence of two glaciers, the moraines 




which skirt the two sides that join are united, 
and form a tn^tal moraine. If another glacier 
Dnites with this ugaiti, a second medial moraine is 
flDnned in the same manner. 




Mora.— Id tbe aecompanytnic cot It wlll be Men that *^m 
Gluler dn G«ant unites tint wilh the Glacier des Periadea, 
from tbelr Juactloo the dotted liue fibows the medial mon 
formed from the right moraine of the Q^ant glacier and tbe 
left morHlne of the P^rlades. Where the glacier thna rein- 
forced receives the Glacier de L^haud, auoiber medial moratoe 
[a formed ; ind a third where the Taletre idde ita trlbataiy | 
■tream. By tlie JuncUoD of these 1« tanned the M efHle-GlBC& ] 




The earth, stone and boulders brought down c 
the glaciers form, at tbe lower end of the glacier^J 
wliere the ice melts and leaves them, immense de> 
posits, called terminal moraines. 

Thansporting Power ok Glaciers. — The e»--| 
istence of what are known as "boulders" and 1 
• "rocking atones," or "erratics," m they are ' 
also called, is explained by the transporting power 
of glaciers. Such stones have been portions of 
ancient moraines. And therefore, from the pres- 
ence of boulders, we argue that in former ages 
glaciers moved over certain regions where they 
are now unknown. A belt of country extend- 
ing from the Baltic to the Black Sea has beeq J 
strewn, by glaciers and drift-ice of & former period^ 1 



•" Rocking itoa»''(re luge bloclu of KloTKi which ana 
that lliey may bt rocked by s poat. They are called " em 
wuidenri, bccanae toaud at a dlaloncc from tbelc orlxlnal ■) 
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with boulders that were rent from the Scandina^ 
rian IMlountaioB. 

A Bimilar process is still going on in the traiia- 
portation of Ijoulders southwardly from the Arctic 
cliffs. They are borne by the glaciers of Greea- 
land to the shores of Boffin Bay, and thence to the 




Banks of Newfonndlaiid, where, meeting with the 
Gulf Stream, they are dropped by the ice, and de- 
posited on the bottom. Thus these banks are 
formed. 

Glaciehs as River Sources.— The glacier, as 
it imperceptibly glides down the mountain, is 
melting all the time, and the traTeller upon its 
rugged surface may hear, far down in its crcTiced 
depths, tlio sound of running water, which gathers 
volume from a thousand trickling streamlets, and 
at last issues forth, the never-failing source of 
some noble river. 

The Rhine, the Rhone, and many tributaries of 
the Danube and Po, spring from glaciers in the 
region aronnd the St. Gothard ; and every one of 
the hundreds of glaciers found among the Alps 
Donrishes some stream, that it may fertilize the 
land and cheer the heart of the husbandman. The 
Ganges, in India, leaps out from nnder a glacier, a 
torrent forty yards in width. 

Distribution and Size of Glaciers. — Gla- 
ciers of enormous size are found in the Arctic re- 
gions. Probably most of the valleys in Greenland 
and Spitzbergen are occupied by them. 

TAe grandest glacier region of the temperate zone 
is that of the Himalayas. The glacier of B&pho, 
in one of the valleys of the Karakontm range, is 
36 miles in length — about four times as long as the 
Mer-de-Glace — and covers hundreds of square miles 
in area. Many others in the same region are of 
nearly equal extent. 



It is estimated that the total number of glaciers 
in the Alps is about 500, and that the surface con- 
stantly covered by snow, nh6, and ice is more than 
1,000 square miles. The thickness of tJie Alpine 
glaciers is believed to vary from 200 feet to 2,000. 
The Pyrenees and the Scandinavian raountains 
contain glaciers of the second rank. Large ones 
exist in the Caucasus. 

In the New World, Greenland and Alaska have 
glaciers far surpassing in nutgnitade those of the 
Old World. Tbe Humboldt Glacier, in Green- 
land, is more than sixty miles in breadth, three 
hundred feet deep, and of unknown length. 
Glaciers of largo size are found upon Mt. Shasta, 
and upon Mta. Rainier and Taooma. Tbe Andes, 
fscept in Patagonia, are destitute of them, 

4. Icebergs. — The glaciers of the polar re- 
L'ions are not melted into rivers like those of tem- 
]>t;nitD latitudes. Their lower extremity, fhere- 
fiire, is poshed out into the sea, and mountain-like 
musses are broken off from time to time and home 
away by ocean currents. These are called icebergs. 

DiSTRiBunoH. — On the point side of 65° south, the !ca, all 
the wa; round Ihe <^rth, is studded more or k'ss thiokly 
with icebergs, [See iBothcnnul Chart, pp. 72. 78.J 

During his Antarctic voyage in 1841, Sir Jsnies Boss 
sailed 450 miles nlong an unbroken barrier of ice. It stooil 
180 feet out ol the water, and whs aground in water 1,SOO 
feet deep. 

Admiral D'Urville fell in with one off the Cape of Good 
Hope 13 miles long and 100 feet high. I have met witli 
them mjself as near the equator aa 37° south latitude. In- 
deed, icebergs enough come from the uDexpiorcd Antarctie 
regions to stud an area as large aa the continent of Asia 
for navigation is endangcreil there by ice throughout an 
area of aot less than 15,000,000 aiguare miles. 

On the north side of tbe equatdt icebergs are found only 
in the AUantlci never in the Pacific Oeean. They drift 
out from their nurseries in the polar regions with the cold 
currents which bear them southwardly until they disappear 
in tbe warm waters of the Gulf Stream. They frequently 
lodge on the Banks of Newfoundland, where they greatly 
imperil navigation. 

TOPICAL ANALY81B. 
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of 100 jirdii per yrar. bow long would It take ice to movs from 
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VII. ELECTRICAL AND OPTICAL 
PHENOMENA. 

t. Atmoftpherlc Electricity. — The at- 
mosphere in clear weather is nlmoat invariaWy in 
a positively electrified ooDdition ; the tturface of 
the earth, in relation to the air. appears to be 
always negative. la cloudy and stormy weather 
this rule does not hold good, and in thnitder- 
atorms the electrical conditions of earth and air 
sometimes change entirely : and this may occur 
with instantaneous rapidity. It is to be remem- 
bered, however, that the conducting power of the 
earth renders very difficult the detection of its true 
electrical condition at any given point. 

The electricity of the atmosphere manifests 
itself chiefly la lightning and auroras. 

LlGHTNiNfi is of three kinds — zigzag, aheet- 
lightning and ball-lightning. 

Zigzag lightning consists of flashes passing be- 
tween two bodies of air or clouds, or between a 




cloud and the earth, the two being in opposite ele<s-l 
trical conditions. The electricity takes the path J 
of least resistance, and since different portions of 1 
the air have different conducting powers, the path- 1 
way of the lightning naturally becomes zigxag. \ 
Sometimes the flash is forked. 

Sheet-lightning, frequently called heat-light- ! 
ning, appears as a glow of light illuminating vaskl 
clouds and even large areas of the sky. It is prob- I 
able that this kind of lightning is the reflection ( 
of the lightning of some distant storm. 

Ball-ligktning appears in the shape of globtilarl 
musses of fire, which explode with violence. It \&\ 
of rare occurrence. 

I Thafider is considereil t« be occasioDod by the sudden I 
\ rushing together of the portions ot the atmosphere that bave 1 
lieen divided by a flash of lightning. It is not often lieanl 
at a greater dii^nuo than fourteen miles. Occtwionallj, 
liowever, in level regioDE siiL'h as Iho prairiea, it may t>e 
heard at a very much greater distanee. 

The flash is seen iiistantaiteauHJy. because light travela 
alKiut 188,000 luilts id a second. The sound requires abost 
five seconds to travel one mile. Ileiiise, if after seeing the 
lightning, wu count the number of seconds, or pulse b 
until we hear the thunder, it m easy to ascertain how n 
the flaijh has been to us. 

Thdjjdeb-storms are usnally very local, 
this is not always the case. That wliich occoid 
panied the '■bursting" of the May mo; 
1848 extended over an area of 6U0 miles in lengl 
and fifty in breadth. 

In general the electricity does not pass from thi 
air to the earth, but only from one portion of Ihi 
atmosphere to another. When a discharge to th^l 
earth does occur, the effects are often very de-fl 
structive. The strongest trees, if struck, are rent J 
and stripped of their branches, the sap being end-' 
denly converted into steam, and an ejiplosion actu-^ 
ally taking place. Animals and men who ar« 
struck are almost always killed. 

Dislnbalion, — Thunder-storms are much more frequii 
in warm than in tool climates. They occur in that ■BcttoO;'! 
of the torrid zone known as the belt of Cunstant Precipit»- 1 
tion almost every day in the year. 

The Aurora Bokealis, or Northern Lights,.! 
is a luminous apimirance often observed, aa tha I 
name implies, in the northern heavens, In thaj 
southern hemisphere the same phenomenon 
called Aurora AuBtritlia. 

The form of the aurora varies greatly, Some-J 
times it is simply an arch of light spanning th^f 
aky near the horizon, with quivering streamers of >1 
white, green, or crimson light, shooting fitfully to J 
the zenith. Sometimes mere masses of colored^] 
light are observed. At times the whole heavens] 
are flushed. 
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A'ature. — Tho aurora is Bimply oq electrical 
phenomenoQ. Tlie following facts establisli the 
probability of this. 

(1) Till' ilplienl.e shades of m»p, and jinrple, anci vinlel. 
which tliftmclemi; the more brilliant aiirorati, can be pro- 
duced bf passing tiio elvdtiic sptrk l)ir(iU(;li tlie partial 
vacuum of n (icissler tube or the very high voeua oinployed 
in the eKpiiuienl^ ot Mr. Crookes. nl Englnnil. 

It has >>eeii computvd from oliiervatinns of a krgu titim- 
bcr of Bumnts. that tliv Iwams never a[i))rotti-h nearer tu the 
earth's surface thitn fortv-tlvo miles, and sometimes extend 
from it M Xhe ilifltanci; of moro than 500. Uynoi' Ihu at- 
iDospherr in whiufa th>< auroral light is dlBplnyed is very 
attenuated, likit that through which tlie electricity is passed 
in the experiments alluded to. 

!3) Dirwl evidence of tb« electric eharaeter of the aurora 
19 fnund in the effect produced upon telegraph wires during 
an auroral display. The aurora has sonietunos caused the 
inatruments to work, just as though it hwl been a liittrery. 
The etSvcl is similar to that oei'asioued JuriiiK u Ihundcr- 
Btonu, but usually of less iuteimity. 




in a degree corresponding to the brilliancy of the display. 
During the splendid aurora of September 2d, 1859, the dec- 
lination of the needle, at Toronto, changed nearly 4° in 
half an hour. This aurora extended round the globe, (or it 
was seen in Europe and North America, and in the Sand- 
wich l.Hlands, and it indicated its presence in Northern Asia, 
where the sfcy was cloudy, by magnetic dieturbances, 

Diatfihtilion. — Anroras are more frequent &a we 
approach the poles. Within the tropics they are 
almost unknown. Thus their law of distribution 
is Just the reverse of that which goveraa the dia- 
tribution of lightning. 

In North America the zone of greatest frequency 
lies between 50° and 62° north latitude. Here 
the displays are of almost daily occurreQce. North 
and ioulih of this belt the annual number rapidly 
decreases, being on the average about ten in lati- 
tude 40". and tho same in latitude 78°. In Europe 
the zone of greatest frequency lies between 66° 
and 75° north latitude. 

St. Elko's Fib£. —In stonns at sea the masts 



and yards of the ship are sometimes tipjied with 

balla of electric light. The stiperstitious sailor 
trembles with awe at the sight of them, belioring 
tliem to be the souls of the dead. 

They are duo to electricity passing without noise, 
when the clouda are low, between the clwiids and 
the tips of tho spars of the ship. 

2. Optical Phenomena. — The most im- 
portant of all the optical phenomena connected 
with tho atmosphere is also the most common. 
It is the diffusion of light. This is brought about 
by reflection anil refraction. By the former, Lght 
is propagated from particle to particle of the at- 
mosphere. By the latter, it is retained above the 
horizon when tho sun has actually gone down, and 
it is bent into the atmosphere before he has actually 
risen above the horizon. 

Refraction and reflection give rise to the ex- 
quisite variety of colors which deck the morning 
and evening sky. They also occasion the less fre- 
quent phenomena of rainbows, halos and mirage. 

rSe Rainbow is an arch of colored light which spans ttie 
hearena during a storm. It is seen only when the stm is 
shining at thesametime that minis falling. The descending 
drops separate the white sunlight into its elementary colors. 

Salosare rings ot prismatic colors round the sun or moon. 
Tliey are really circular rainbows, and are prriwbly due lo 
the refracling power of the small ice-crystals composing 

Mirage. Another effect of refraction and reflection la 
commonly called mirage. It is often observed in the desert. 
Distunt vilUges seem under its influence to be near to the 
spectator, or to be suspended in the heavens above. Some- 
times the traveller thinks he is i^proaching a pool of spark- 
ling water, and hastens to quench his thirst, when he finds 
(hat he has been pursuing a mirage. 

Mirage is also observed at sea, distant ships being seen ele- 
vated above their true position, or even inverted in the air. 
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LIFE. 



I. RELATIONS BETWEEN PLANTS AND 

ANIMALS. 

1. Life. — In the foregoing pages we have 
treated of the land, the water, and the air. These 
are known as the inorganic or lifeless portions of 
the earth. We come now to that which is organic. 
This term (derived from the Greek organon, an in- 
strument) signiiSes possessed of organs or instru- 
ments adapted for doing certain things, e.g., lungs 
for breathing, hands for handling, feet for walking. 
It is therefore used as equivalent to living. 

Of living things there are two grand divisions, 
plants and animals ; or, as they are often compre- 
hensively called. Flora and Fauna. 

In Physical Geography we have to consider, 
first, the relation of each of these to the other ; 
and secondly, their distribution and its causes. 

2. Mutual Dependence of Plants and 
Animals* — The relations between the plants 
and animals of the world are such that neither 
could exist without the other. Each prepares 
what the other requires. 

Oxygen Required by Animals. — The various 
forms of animal life require a constant supply of 
that element of the air known as oxygen. Even 
the fishes, though they seem to breathe water, 
really extract oxygen from the water by means of 
their gills ; for in water a certain amount of at- 
mospheric air is always present. 

When taken into the bodies of animals, oxygen 
undergoes a change which renders it not only unfit 
for breathing again, but actually poisonous. It 
forms a compound called carbonic acid gas. This 
gas is also produced in the process of fermenting 
beer, and if, as sometimes occurs, a man falls into 
the vat, it is almost certain death to him. In an 
atmosphere containing large quantities of it, there- 
fore, animal life would not be possible. 

Some arrangement is required to remove such a 
dangerous ingredient from the atmosphere. This 
is accomplished by the various forms of plant life. 
Let us see how it is done. 

Oxygen Prepared by Plants. — The leaves of 



plants have upon their surface a multitude of lit- 
tle pores or mouthlets. Through these the leaves, 
while the sunshine rests upon them, have the sin- 
gular property of taking in carbonic acid. In the 
plant this gas undergoes a change. Its parts, car- 
bon and oxygen, were put together in the body of 
the animal : they are put asunder in the substance 
of the plant. The charcoal, which makes a poi- 
sonous compound with oxygen, is separated from 
it, and employed by the plant in building up ita 
massive branches, its beautiful flowers, and its 
nutritious fruit. 

While the plant is thus appropriating, or, as we might 
say, digesting the carbon of the carbonic acid, it is also per- 
mitting the oxygen to escape back into the atmosphere, so 
as to be inhaled once more by the forms of animal life. 

Food of Animals Supplied by Plants.-^ 
Again, animals are dependent on plants not alone 
for what they breathe but for what they eat. This 
is true, whether they are herbivorous (grass-eaters) 
or carnivorous (flesh- eaters). For where there is 
no grass, or any vegetable production that takes its 
place, herbivorous animals cannot live ; and where 
they are not found, carnivorous animals, which 
feed upon them, cannot exist. 

On the other hand, plants are indebted to ani- 
mals for the preparation of that invisible food 
(carbonic acid gas), upon which they so largely de- 
pend, and from a portion of which they build up 
their forms of solidity and beauty. 

Plants and Animals, Mutual Checks.— 
Again, plants and animals may be regarded as 
checks upon one another. A certain proportion of 
each is required to keep uniform the composition 
of the atmosphere. If there were too many ani- 
mals, there wbuld be too much carbonic acid. If 
there were too many plants, there would be too 
much oxygen. 

The plants absorb the carbon, and throw off 
oxygen into the atmosphere ; the animals take in 
oxygen and give out carbon. Thus the one coun- 
teracts the excessive action of the other. 

Intervention of the Winds. — But the plants 
that throw out oxygen and the animals that take 
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it np again are often far removed from each other. 
How is it conveyed from the plants which throw 
it oat to the animals which consume it ? 

To effect the neoded interchange and to keep 
the air well mixed is one of the offices of that 
wonderfnl system of winds of which yon have 
learned. They give circulation to the atmosphere; 
they bear off the excess of gases from places 
where they are not wanted, and deliver them for 
nse in other parts of the world where they are 
needed. 

TOPICAL ANALYSIS, 



J. Lib. 

Orginlc ind Inorganic nilnra. Plorn ind tiuus. 
Palnu fflih regard to them which etc considered 
in iihvfkai Keographj, 
8. Mutual dependence of FUnUuidAniuBli. 

(hie element la the process, KflccL ot tbc 
cbuigp. DanscroDs prodocl at nii]iint1cii), how 
disposed ot. Oij'BeD prepared liy jilsnu. Food 
ot antnuda mpplled by pIsiitB. Flanln and 
■olmala, matnal dtedu. IntencnUon ol ihp 

ir QcnnoNS.— What Is Ihc principal thing Ibat plants take np hjr 
tlndrniolt! Aside (mm their DH In fcrnliblni; oiysen, DimoBOme of 
(he plants Uiataicdirectl; qmIdI to man. Name some that are Indirecl- 
1} atetnl. 

II. RANGE OF PLANTS AND ANIMALS. 

]. General F(iet».~~lt is a familiar fact that 
the same kinds of plants iind animals are not 
fotind everywhere. 
Somo forms are widely 
distributed, others are 
restricted to very nar- 
row limits. TJie region 
within whichany plant 
or animal is found is 
commonly called its 
geographical range. 
The dandelion and 
buttercup blossom 
even amid the glaoieis 
of Greenland. The 
orange, the date, and 
banana grow only 
within or near the 
tropics. The gigantic 

water lily called the Victoria Regia has been found 
only in the basins of the Amazon and Orinoco. 

The camel's Ihom is peculiar to the deaert. It ia too hard 
for other Mtitnala to food on, but it supplies the camel idth 
Cood on hiH journeys, Miui iMiuverts it to his use also. \la 



roots strike deep, and it has the faculty of coUecting a sup- 
ply of moisturu even amid the jiarehed desert. The Arab 
makes an incision in the plant, near the root, and inserts 
a watermelon seed and covera It up. The seed sprouta, 
and the vine becomes a parasite, producing a melon of 
delicious flavor. 

3, Range Dependent on Climate^ 

Certain conditions render it possible or impossibly 
for the various species of living forms to exist 
Of these conditions by far tiie most important a 
temperatnre and moisture. 

The peculiar plants and animals of the torritf* 
zone would obviously die, if placed amid the cold 
of the Arctic circle ; while it is equally certain 
that the polar bear and his associates would ba-^^ 
come extinct, if they were exposed to the Bcortik 
ing heat of the tropics. 

lUuilraliom from fieoZoffy.— The early geolopcai hist 
of the globe furaisbes striking iUustraUons of this principle. 
The entire assemblage ot animals that we now And upoa 
the earth did not simultaiieoust; spring ink) existenca. 
Those species first appeared which were suited by exisUng 
climatic conditions. Low forms of animal life prevailed aX 
first, and then higher and iiigher successively, until sucb 
conditions arobe as were favorable to the life of man, and 
then, at length, his creation Uwk place. 

Many, moreover, of Ihe animals that once abounded have 
entirely disappcare*!. Their existence is attested cmly by 
fossil remains. Lymes, bears, and hyenas once roamed 
over the fields of England, and crocodiles swarmed in its 
rivers ; huge mastodons, larger than the modem elephoDt, 
Sourished on what are now the banks of the Hudson, and 
browsed amid the forests of 8it)eria. Their tusks are dug 
up At the mouth of the Lena and upon the islands of New 
Siberia, in such quantities as to form an article of regular 
commerce, under the name of " fossil ivory." The dimatio 
conditions favorable to their existence have ceased, and] 
has therefore become e^ttinet. 
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Modifications by Climate. — It would followd 
as a natural conclusion from the fact that plantT 
and animal life are largely dependent on physicfl" 
conditions, that changes in these conditioM 
should bring aboat changes in the plants and a 





Dials affected by them. Such we find to be the 
fact. Modifications of a very extraordinary nat- 
ure can be effected by varying the "environ- 
ment" of a plant or animal, and allowing the 
new environment to be permanent during a sufli- 
eient length of time. Many of our most valuable 
food plants have been thaa transformed. Tlie 
grains in general are believed to have been origi- 
nally wild grasses. 

Our own Indian com presents a very interesting 
illustration of climatic modification in a vegetable 
form. In the Sonth it often attains the height of 
12 to 15 feet. As we advance northward through 
its belt of cultivation its iicight diminishes, antil, 
on tlie northern edge of the belt, it is not usually 
more than about 5 feet high. Again, the api)ear- 
aoce and quality of its grain have been singularly 
modified. It is a fanuliar fact that we have a 
number of varieties, field-corn, sweet-corn, pop- 
eoni, with white, yellow, brown, and even black 
graiuG. 

The common nasturtium in tropical countries is 
a perennial tree ; farther north it is dwarfed and 
becomes a shrub j while in still higher latitudes it 
is a vine that lives no lunger than a single season. 

Similar illustrations might be given of the mod- 
ifications of animal forms by changes in their 
physical conditions. The Shetland pony and the 
race-horae came from one original stock. The 
temer, the greyhound, and the mastiff had a com- 
mon parentage. 

3. Zones of Vegetation, — Sinoe the extent 



of the geographical rangt of plants depends mainly 
on temperature and moisture, it follows that the 
surface of the earth may be divided into xonea of 
vegetation. These will correspond more or less 
closely with the zones of temperature. They will 
of course be defined not by lines of latitude, but 
by lines of heat, or isotherms, 

The principle of division ia this, that within 
belts or zones having a certain average annual 
temperature, certain vegetable growths will 
fiouri^li ; beyond the limits of such zones these 
characteristic forms disappear, and others are 
found which are suited by the prevailing tempera- 
tiu'e. Thus each zone has its characteristic forms 
of vegetable growth. 

Note. — Ie nnmfni! the Boaes of vegetation we borrow the 
terms eirplojcd \a the ordinary division hy lines of lalimde. 
always remembering, however, that tlie Elgnllleatloa of the 
terms does tiot remain eiaetly tbe same. 

HoBizoNTAL Zones. — The surface of the earth 
may be divided Into the following horizontal zones 
of vegetation: (1) an equatorial zone; (2) two 
temperate zones ; (3) two polar zones. 

T}ie Equatorial Zone extends north and south 
of the eijuator, and is bounded by the annual iso- 
therms of TO" Fahr, It is the zone of greatest 
heat and most abundant moisture, and conse- 
quently of most luxuriant vegetation. 

The characteristic growth of this belt is that ot 
the palms. The trees do not lose their ieavea in 
winter. 

The Temperate Zones extend northward and 
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{^L-taTioNs o\ THE Chabt ot I'lant LifE. — Iflto how 
man}' zonea of vegetation is the surface of the earth divided 
upon the chart? Zones, liow defined? 

Trace the line of north limit of trees. Wlint vegetable 
pro^ducts arc found north of that line? 

What cereals grow farthest north ? What grains ate grown 
in Norway anil Sweden? In India? The United States? 

<jn what portions of the American continent is rice 
grown? In what parts of Asia? Trace the limits of }>alnis, 
bauanos, and sjiiccs. 

Where is eoifec cultivated? In what continent is it in- 
digenous? Tea? (See small map on Ihe left of the chart,) 
In what localities do you find the sugar cane? Cotton? 
What are the indigenous products of China? 

Where is the mulberry indigetious? What use is made 
of the leaves of tiiis tree? Where are the silk mulberry 
regions? What singular trees has Australia? South Amei^ 
leaf What are the native regions of the bamboo? 

Name some plants or trees which are indigenous in more 
than oho region. Clun jou explain how this should bo? 
Name »ime plants [leculiar to the Islands of the Pacific. 

At What heigiit above the nea can potatoes be cultivated? 
]u latitude 10*? In latitude 50"? 



sontltward of the equalorial, and are bouaded by 
the isothei-ms of 32° Fahr. Here the tropical palniB 
disappear, or arc replaced by dwarfed representa- 
tives of the family. 

The characteristic forms are those of the decid- 
aons forest trees — that is, those which lose their 
leaves in autumn and renew tliem again in spring. 
The oak, the chestnut, and others which belong 
to our own forests, are familiar examples of these. 

The colder pitrts of these zones are marked by 
the abundance of conifers (pines, larches, Bpruce 
and juniper trees). 

7716 Polar Zones extend north and south from 
the temperate. Within them the average annual 
temperature is not higher than 33°, and in many 
portions it is below 5°. The warmer parts of these 
zones contain vast forests of spruce, pine and 
larch. The colder portions are characterized by 
the growth of dwarfed birch, alder and willow 
trees. But beyond certain limits trees wholly dis- 
appear, and only the lowest forms of plant life, 
(mosses and lichens) remain. 

Vertical Zones. — Since, by ascending suffi- 
ciently high, we can pass, even in equatorial regions, 
throngh every variety of climate, torrid, temperate 
and frigid, it is clear that there must be vertical 
as well as horizontal zones of vegetation. 

On the lower slopes of the Andes, for example, 
we find regions of palms and bananas, tree-ferns 
and vines. These correspond to the zone of equa- 
torial vegetation. Higher ap we encounter the 
deoidnooB treee of the temperate zone. Still 
firther up we enter a region closely resembling 
thit of the Arctic zone : the conifers are the pre- 
>{q| 4'pe, while ihe decidaooe trees are repre- 



sented by shrubs and dwarfed specimens. Near 
the snow-line trees of every kind disappear, and 
mosses and lichens are the only forms of vegeta- 
tion that can support the perpetual cold. 







4. Range of Food PlantH.—li will be of 

interest to consider the geographical distribution 
of those plants that are of the greatest importance 
to man. Of these, the grains or cereals, as they 
are called (barley, r}'o, wheat, Indian corn, rice, 
and millet), deserve attention first. Certain of 
tiiem have, of all plants, the widest geographical 
range, and thus furnish a striking instance of 
provident care in that terrestrial economy which 
is as benign as it is beautiful. 

Barley is cultivated in Europe as high as 70° 
north latitude, and on the Asiatic table-lands at an 
elevation of 13,000 feet. 

Jiye will grow in all regions between C7° north 
and south latitude. 

Wheat has a range almost eqnal to that of rje. 
It ripens in North America as far north as latitude 
55°, and in Europe, owing to the influence of the 
Oulf Stream, as far north as lat. 64°. In Mexico 
and the Andean region its culture begins at the 
height of about Si, 500 feet and is successful aa high 
as 10,001). Upon the Himalayas it is cultivated as 
high lis 12,000 feet above the sea. 

Indian Corn will grow and ripen in the open air, 
from the parallel of 45° or 50° north to the corre- 
apondiiig parallel south. Its range embraces two- 
thirds of the earth's surface. In the torrid zone 
neither wheat nor Indian corn do well at the sea- 
level, tiiougii they produce finely on the mountain- 
sides. 

Millet is the most prolific of the cereals. It is 
adapted better than any other to the vicissitudes of 
a tropical climate. In Egypt, Arabia, Turkey, and 
Italy it is an important article of food, and in India 
it, and not rice, is the staple food grain. 

Nearly allied to the cereals as an article of diet 
is the potato. It has a range almost equal to that 




of barley- It is probably a native of Chili or Peru, 
bnt will grow in Iceland. 

In the low, damp, and hot portions of the equa- 
torial region, wheat and corn are replaced by rice 
and the banana, mandioca, and the bread-fruit. 

Rice. — The geographical range of rice is limited 
by the parallels of 45° north and 35" south. This 
belt covers more than half the Burface of the earth. 
Rice delights in low and swampy ground, and ia 
the chief cereal cultivated iu China and Japan. 
It is the principal article of food for one-third of 
the entire human family. 

The Banana, indigenous in the regions of inter- 
tropical America, is, as an article of food for the 
, what rice is to the Hindoo, the potato to 
the Irish, and wheat to the European. An acre of 
ground planted in bananas requires less cultivation 
and yields more abundantly than any other food- 
plant. Humboldt estimates the yield to exceed 
that of the potato 44 times, and that of wheat 133 
times. The banana flourishes 4,000 feet aboTe the 



Mandioea or Cassava is a native of South America, It is 
a.\sa ezt«ns[vely grown in Africa and other tropical re^^tons. 
Us largo turnip-like rout, dried and grated, is the food of a 
large part ot the populotion of Sooth America. 

Bread JPruit is characteristic of the islands of the Pacific, 
lis fruit, representj^d in the cut, furuisbes ttm natives with 
food somewhat resembling bread. 

The Sugar-cant, so far as we know its history, 
have been a native of India or China. It grows in 
i/ltitudes of everv continent. 




5. Beverage Plants.— 'MhQ chief plants 
which yield beverages, tea, coffee, and cocoa, are 
grown in warm regions ; tea in China and Japan. 
India and Ceylon : coffee in Soutliuru Asia. Ceu- 
tr.il Africa, and the tropical portions of North and 
South America. Cocoa is a native of tlie tropical 
regions of North and South Americii. 

6. Spices and 2farcotiea.—TiiBg!iO£ai'phh 



south of the equator. The Eaat Indies are specially 
tiie region of the spices. 

The important narcotics, tobacco and oi)iura, 
are natives of warm regions, but their geographi- 
cal range extends into tiie temperate zones, 

7. Plants vscdfor Clothing. — Tlie prin- 
cipal plants wliich are used for textile fabrics and 
clothing are cotton, fias and hemp. 

Cotton, the moat important of them all, will 
grow and mature well at moderate heights, any- 
where between the parallelaofaTi" north and south. 
This belt being 75° of latitude broad, and extend- 
ing entirely round the earth wJiere its circumfer- 
ence is largest, gives for this plant a geographical 
range that embraces more than half the earth's 
surface. 

The United States, Brazil, India, and Egypt are 
the chief cotton -growing countries. 

Flax and hemp delight in the climates of the 
temperate zone, and are brought to their greatest 
perfection between the parallels of 25° and 50" 
north. 

S. The Medicinal Plants, such as yield 
earsaparilla, jalap, castor-oil, quinine, gums, and 
balsams, are almost all indigenoi'" to the torrid 
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Foremost among them stands the cinchona, from 
which quinine is obtained. It ie a native of the 

eastern alopos of the Andes, flourishing in a belt 
that extends through Bolivia, Peru, and Ecuador, 
from 3,000 to 9.000 feet above the seu-Ievel. It hua 
been sticccsBfiilly acclimatissed in the East Indies. 

,9. Useful Trees. — The ornamental and dye- 
woods, euoh as mahogany, roae, sandal, and log- 
wood, are confined to the torrid zone, The oak, 
walnut, chestntit, maple, ash, with pines, firs, and 
cedars, belong to the cooler latitudes. 

The geographical range of the oak extends from 
the tropica to the verge of the frigid zone. The 
timber trees of the temperate zone are replaced in 
the torrid by the teak and bamboo. 

10. The Flora of the 8ea.—TU flora of 
the Boa differs from that of the land in color. It 
ia less inclined to green. The plants of the sea are 
brown and yellow, pink and purple, green, orange 
and Tiolet, with all intermediate shades. 

The vegetation of the sea has, like that of the 
land, a vertical and a horizontal distribution. 
Both are determined mainly by the tem])ersture 
of the water, and the nature of the sea bed. 

In the deepest parts of the ocean nothing but 
microscopic forms of vegetable life of the simplest 
kind (called diatoms) occur. Tlie smaller algai or 
sea-weeds scarcely exist below the depth of 300 
feet ; the larger are not found deeper than ahoui 
60 feet below the surface. The horizontal Tunpr 
of many marine plants is co-extensive with the svn. 
Others, like land plants, have limited ranges. 

Aloje. — Among the most interesting kinds of 
algte are the Macrocystis Pyrifora, the D'Urvilliiji 
UtiUs, and the Gulf Weed. 



The Xaerocyxtii Pyriftrii measures 700 feet in lonfrili. 
Thia weed U like a uord. It attaches itself to th« rock:.. 
and grows trom tht bottom in the littoral walfirs of many 
countries, uiii] especiallv- along the narthtreat const of 
America. 

Pew, if any, forms of vegelation have a wider geographi- 
cal range than this weed. After all traces of plant life on 
the land have ceased, as you approach the poles, it Is still 
foiuid flourishing iu the water. 

The D'Creillaa UUHh grovs in the waters of the Falk- 
land Inlands and adjujiiing regions. The surf ofli;ii twisia 
it into cables several 100 tenl long and as tliicif as the human 
body. This, liki' thf Mw^rocyntis Pyrifora, fastens ItseK to 
the mcks, in sl^rtny waters, with mich tenacity that some- 
limes, in the attempt to tt«r it away, large boulders are 
brought up ndherinaloilBrootii. It is used as fooil in Chili. 

PlantBof this species surround Kerguelen Land with such 
ft tangled mass, that row-t>oBta Snd it difScult to get 
tbrough it. The StmiU of Magellan are so thick with these 
weeds that Ihey fouled the rudder, and so entangled the 
propellers of the Ur^t steam vessels that passed through 
thase waters, as seriously to interfere with the navigation. 



Oulf Wud. — ArooAg tlie most widely distributed form* 
of marine vegetat'* .n is the Uulf Weed (/ucui nataru). 
It is not known wnethpr it grows at the bottom or near tha 
surface of the sea. I have always found it afloat, living and 
growing, but without any sign of nxits. It lins so thick in 
the Sargasiio Sea. as cuitipletely to bide the wateni in nianj 
places and give the sea the appearance of a di 
meadow. 



Irownc^^^l 



11. Distribution of Animafa. — Ani- 
mals, like plants, require a certain temperatare, 
for the maintenance of their life. Furthermore, 
no animal except man can inhabit regions 
which nature does not spontaneously provide iat- 
it suitable food ; and hence the fauna of evei 
country la dependent on its flora. For these 
reasons the distribution of animals, like that 
plants, depends mainly upon climate. 




Zones of Animal Life. — In view of this fu( 
it is usual to divide the earth's surface, in relatioil|j 
to its fauna, into the same equatorial, temperate) 
and polar zones which have been indicated 
treating of the distribution of plants. 

T}te Equatorial Zone is characterized by th»' 
abundance of its forms of animal life. It is the 
zone of lions, tigers, rhinoceroses, elephants, 
camels, crocodiles, poisonous serijonte, and birdd 
of the most brilliant plumage. 

The Temperate Zones, on the other hand. 
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:iiigaiBbed by the number of their usefal ani- 
siicb as the ox, cow, horse, aiicep, and goat. 
The eagJe, turkey, and pheasant are among the 
birds. In coloriflg, tho animals of temperate 
regions arc far less brilliant than those of the 
[untorial zone. 

In the Arctic regions [for of the Antarctic we 
:uow little or nothing) we find the fewest epecies, 
although the Individ nals are numerous. The 
ndeer, musk ox, white and brown bear, wolves, 
bite foses, and sables are the chief land animals, 
le seal, walrus, and whale sjwrt in the waters, 
;i>tilcB are unknown. 

ZooLOOlCAL Regions. — It is obvious that any 
division of the earth's surface into zones charac- 
terized by peculiar fauna and flora is necessarily 
far from exact. Although the distribution of life 
on tho glolie is mainly dependent on climate, it is 
not so altogether. 

For, in the first place, many species over-lap, 
ling foHud in more than one zone. The dog is 
le companion of man in every zone ; sugar-cane 

vs in both torrid and temperate regions. 

And ill tho second place, however ulike in cli- 

late different portions of the earth's surface mav 

they do not necessarily have the same flora and 

mnu. The isothermals of the United States 

crse also the Empire of China, Yet there 

ife marked differences Ijetweeu the forma of plant 

and animal life which characterize tho two region^. 

The isothei'uial of G8° passes through Australia, 

(outh America, China, and the Oulf region of ihe 

ted States. But the vegetation and animal 

of these regions are strikingly diverse. 

From these considerations scientific men have 

led to seek some division more in harmony 

iU that of Koucs with existing facts. That pro- 

)A by the eminent naturalist Sclater, and more 

ictly defined by Mr. Wallace, seems to be tiie 

ist satisfactory thus far devised. 

According to this division the surface of the 

h is made up of aiz regions. Each of these 

certain forms of life which are pccnliarly its 

|wn and not found elsewhere, although it may 

,ve many species in common with other regions. 

'he following are the names of the regions with 

leir leading characteristic forms. [See map on 

lext page. ] 

(1) The Xor/liern Old WorlU Region includes 

of Europe, all temperate Asia north of the 

inialuyas. and northern Africa down to the 

pic of Cancer, Here we find the bear, wolf, 

, cow, and camel, the wild goats, the 

eagle, the corncrake, and bustard. 

Peculiar to this region are almost all the known 
apeciee of goata and sheep, moles and dormice ; 



and among birds the nightingale, magpies, and 
almost the entire group of pheasants. 

(2) ITie Ethiopian or African Region embraces 
Africa south of the Tropic of Cancer, southern 
Arabia, and the island of Madagascar. Here we 
lose sight of certain forms faniiliai' in tho North- 
cm Old World Region, bears, deer, moles, and 
true pigs ; and camels and goats, except in the 
desert i-egions, are equally wanting. 

Peculiar forms are the gorilla, chimpanzee and 
baboon, the hippo|)otamu8 and giraffe, the guinea- 
fowls, most of the weaver birds, and the secretary 
bird. 

Modn^HSCar nnd the Deighboring islands, tltough classed 
03 parts of the Elliiopian region, have a fauna pccaliar to 
tfaemselTea. This insular eab-region ts one of Uie most 
wonderful in Ihu world frciti u »)nlogiciil point of view. It 
is especially cliaractenie'l by the abundance of iemure (noc- 
tumft! animals somcnhat rcsombling monkeys, bnt very 
small} ; while (uost o[ Ihe groups in which Africu is especi- 
ally rich — apes, lions, leopnrHs, giruUes. antelopes, and 
elephants — are wholly wanting. Some of the birds arc en- 
tirely iinliliL' all other known species, 

(3) The Indian Region comprises India, Indo- 
China and the East Indian Islands as far as the 
Strait of Macassar. 

Peculiar to this region are the ourang-outang, 
the tigfr, the honey-bear, tlio civet and flying le- 
murs ; and among the bright-feathered birds, the 
argus pheasant, tho peacock, the trogou, and the 
curious little tailor bn-ds, 

(4) TJte Australian Region consists of Austni- 
lla, Now Zealand, Polynesia, and those of the 
Malayan islands that lie east of the Strait of Ma- 
cassar. 



This regioQ has a fauna of marked pecntiarity. 
It is notable for the absence of forms clscvihere 
almost iinivcrsiil. The higher maiiijnnlia of otljer 
regions are replaced by mammals (sueh as the 
duckbill) that lay eggs; and by marsupials {i.e., 
tmiiuala with a pouch for holiling their yonng). 
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Qonnoxs ox the Chart of AiUHALa. — lulo ho« nmny 
r^iona of animal life is tbu iurltce of the earth djviileil on 
the map ? 0( what does each consist ? Ot what regions 13 
[he reindeer an inhabitant ? Where is llie moose deer 
found ? Describe the limltB of the Polar beat. WTint other 
tnimnls are in the Korih Frigid Zone. 

\T)iRt fur-bMring unimati are found in Xorth America ? 
In Europe and Asia ? Are the fui'bearing- animals found 
in mill "f ill wiirm coiinlries? Can jnn nBnn> any eiir|iti(tM» 
Ui Itiis rule '! 

What arc (he limits withhi wliJL-h monkeys are found i 
T'l what regions do Ihey belong? Wheiv ur^ iMboriiin 
rt>und? Ill what regioiu' arc (onnd Lh« nUiihaiit and rlii- 
aaotToti Tbe li^r? The tHmell' 

Whnre are Korilhu fuunil? Pnrcnpinis? Yaks? Tli]>- 
pi^polAraa.-M'^? Walnwes? Seals? What animals »re \i- 
I'liliar III the AuHlraliiin rogion? What curiun^ animnls nn- 
fiiund nuwhi-rc; but in MIulAgB>lellr^ 

111 wliat waters ta the sperm whale fonnd? the right 
wliMlcy WliiU are tlie limils of oniiiidilnsf Mention lixnl- 
itiwt ill whieh Itre rixl i* fonnd. The mockepel. Shark. 

Wlipri^ are pearl oyatent found? In warm or cold wnlcn? 
An' lire Bpal and the walms found in cold or in warm water? 

What are the limits of th" ninhtliiifide? TLo regiotie of 
tile eidot-duuk? Of hunuiiiiig-birds? Of parroii? 

])oM tlie ducit H'f m to U- a native of low or of high Uli- 
tades? How ii it, in this m»|«ct. with llie nlliatmes? Tim 
pill? To what region Aoea the niockingbiivl 1>«1<jiik? Thu 
oBtriohf The birii of paradiM.'? Tlie iHJiidorutid ridture? 

Can you explain why the kongnruu nud emu ntv nutto tin 
found in the Indian region? 



Of these none are foand elscwiiere, except tlie 
upoasum ot North aud South Anierica. Among 
the miirgnpials ot Auntraliu are the kangaroo, tlie 
tree- kangaroo, mid the wombat. 

The bird life of this region is rich in handeoiin' 
and peculiar forme, siieh as the beautitiil binl 
ot parftdise, the erimsoii dory, llie lyre bird, ilio 
l-)Wer bird, ihc. emu, and tin 



(.■() Tliif Korth American Regimi iiifiiides tiic 
continent nud adjacent iaiauda iiorlli of the 
Tropie. of Cnnoor. 

Till) fauna of thia area and that of the OM 
Worhl region present marked disaimilaritieB. Here 
we do not find native, the horaea, aasea. cows, sheep. 
pigH, liedgeliiigB, uiid dormice of the Old World. 
Tiiey are rephireil by the hiaon (nearly extinct). 
racc.oone, upoasnnis (maranpial). pruirie dogs, and 
skunke. The ihnisheii, wretis, robins, andfinuhea 
ar» rt'prfscntcd by new families. 

Among anim&le peculiar to this region are the 
griKidy boar, the pouched rat, the mocking-bird, 
the bhie-juy, tlie blue crow and the rattlesnake. 

It ia hardly neceBBary to say that many Old 
World forms have Iieen introduced. 

(6) The South American Region embracoflSouth 
America nod Ihat portion of North Anierica and 
the outlying islands which are south of the Tropie 
of Cancer, 

Of all the regions this is the moat remarkable 




for the fewness of the forms which it contains 1 
common with others. No horse, or aas, ox, sheep" 
or goat 18 a natlTO of South America. The wild 
cattle and liorsca which now ro;ini over its plains 
and pampas are the offspring of animals introdDc«(LH 
by Europeans. 

This region is equally remarkable as containin 
a greater nnmber than any other of forms whicd 
ore strictly its own. Among these are the slotH 
tlie armadillo, the llama, the ul)iacu and chin 
chilla, the hlood-sucldug vampire bat, the prehei 
sile-tuiled monkey,* and the destructive bou^oi 
atrictor. 

Here alone we find the condors, toucans, todietilj 
rlieas, ctirassows and mot-mots. The foresf-ck 
Klopes of the Andes are alive wilb the mun 
400 species of humming birds, some of which f 
their chewy existence near the limits of perpeti 
snow. 




12. Range of I>i'auyht Anitnnt». — Of 

special interest is the geographical range of Ihoae 
animals which man employs as draught animals or 
beaats of burden, 

T*he horse, the asa and the ox. cither native or 
introduced, are found wherever grains and grasses 
grow. Beyond the limits of these food plants the 
reindeer and the dog become the draught animal'. 
The reindeer is fitted to browse upon Arctic mosEca, 
and has the instinct of searching for them beneath 
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ine gnaw. He preeents ose of the moat striking 
caseB of an animal adnpted to the peculiar condi- 
tions of his habitat. 

In the equatorial regions of the Old World we 
find the elephant serring as a beast of bnrden; 
while to tho northward, especiallj in desert regions, 
the camel and dromedary are employed. 

The PUBhionod Coot of the cainel enables hiro to tread 
flrniljr upon the shifting sands ol the desert, while his w- 
pacity for carrying an eitra supply of water adapts bim 
wonderfully (or journeying through iU dry and thirsty 

In South America, There, to traverse the conti- 
nent, the traveller haa to scale the snowy heights 
of tho Andes, there— and not in North America, 
where the mountains have gaps that the buffalo 
can cross — was fonnd the llama, the camel of the 
New World, tlie only beast of burden in use among 
the native Americana at the time of the discovery 
of the continent. 

The Ilnms, with the alpaca and vicuna, which are differ- 
ent species of the same genus, have thuir habitat along the 
edge of the saoW'ilne on the Andes, where Ihe atmo9i)heric 
pressure is not more than eight or ton, instead of fifteen, 
pounds to the squnre inch. 

This diminished pressure of the atmosphere has very 
marked effei^ts upon hoth mau and beast. To one from the 
lowlaDds, respiration, in these elevated regions, is dilTicult. 
Mules are used for the transportation of merchandise between 
these places and the seaboard, but never aacend beyond a 
certain height. At the elevation ot S.OOO or 6,000 feet they 
are met by the llamas of the table-land, and the cargoes are 
eiehanged. 

The same wise provision appears in the organization ol 
the llama as in that of the caiuch Without tliese creatures, 
man, in the early stages ot civilization, could neither have 
crossed the deserts of the Old World, nor scaled the cloud- 
capped mountains of the New. 

Among the fastneases of the Himalayas, and upon the 
blealc heights of the plateau of Thibet, the beautiful yak 



lerves ns a livast iif burden. He is to be S4<en browsing at 
in elevation of 17.000 feet abovu the sun. What the camel 
s to the Aral), what the llama is to the t'eruvtan. the yak 
s to the native of Thibet. 





13. I^lmited Mange of Some Atil' 
nifrfti. — Many animals are confined to a very 
narrow geographical range by cansea that are in 
some cases quite obscnre. The little chinchilla, 
with its beuittifiil fur, has its habitat nn the Andes, 
of Chili and Peru, 8,000 to 13,000 ft. above the sea. 
The ehamois inhabits the bell of the Alps which 
lies between tlie trees and the snow-line. 

The Cashmere goat, noted for its fine wool, is 
ruatricted to the valleys of the nimalayas. 

The ostrich ot Africa, the rhea of South Amer- 
ica, the emu of Australia, the cassowary of Papua, 
the apteryx of New Zealand, are birds which 
neither fly nor swim. Their geograph- 
ical range therefore is very limited. 
Tho same was true of the dodo oC .Mau- 
ritius, and the lepyornisof Mndagtisoar. 
Animals of limited range are the 
^^^ fnosl likely to become extinct. The 
" ""- ' apterys is nearly so; the dodo has 
.'ZzL become so within two centuries ; and 
I lie repyornis became so at a very recent 
[leriod, for one of its eggs (8 times as 
hirge as that of an ostrich) was found 
.'ind brought to Europe in 1851. 

< )r all animals, none, perhaps, has its gco- 
i.-raphical range so singularly marked as the 
T-i-lneJlii at South AfrJeft. Though it is well 
I'lined for flight, it never oppears to go he- 
> ■ iiii (--ertain limits. Thwe are marked by no 
nuT. hills, or other geographical feature, and 
yt are so sharply defined by their invisible 
biiundaries, that if a horse crosses them, he is 
immediali;ly attacked by the fly OJid killed. 



14. JPauna of the Sea. — As with the 

animals of the land, bo with those of the sea — 
different species have their geographical range, 
both vertical and horizontal, beyond the limits of 




which the conditions necessary for their exiateneo 
are not fonnd. This, however, is loss rigidly true 
with regard to the fauna of the sea than that of 
the land. It is quite obirious that temperature must 
be the main element which determines the habitat 
of marine animals. Other matters, sncli as the 
nature of the sea-bottom, have a minor influence. 
Life of Tropical ■Waters. — The waters of 
the tropics, like the shores which they bathe, teem 
with the greatest variety of animal forms. Many 
of the fish and crustaceans are decked with colors 
of Burpriaing brilliancy. 




The sperm wbule deiigbts in the warm waters of 
thia zone, and is most abundant in the Pacific 
Ocean. Flying-fisb, albacoro, bonito and sharks 
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are all inhabitants of intertropical seas. Pearl- 
oysters, also, with corals and sponges, are found in 
this belt. 

Life op Cooleb Watebs. — In the cooler seaa 
the temperate and arctic regions we find thegreal 
abundance of fish that are of value to man. 
the famous food-fisheries in the world — th 
the cod, the herring, the mackerel, and othei 
are in the waters of cold currents. 

Tiie Grand Banki^ of Newfouniiknil, the fishpiiea ot the 
North S(!a, and tliosc ot the Pacific coaste at America, 
China and Japan, all lie within the range of the cold How 
rroiii the north. It is to the presence of the cold current 
along our AllutiLic seaboard that our own fiah luarki^ts owe 
tiieir celebrity. 

The right whale delights In the cold waters of polar sans. 
Those of the torrid zone are aa impassuhle to him a.'* a kw 
of Same. So true is tliis tliat the right whale of the Dortb> 
etn hemisphere and the right whale of the southern aiU 
restricted each U 




Although the seat may be found in all latitudes, hfa 
vorito haunts are (he islands of Alaska, the shores of Lttb- 
rodor und the hays of Pata^nia. Olher inhabitants of 
polar waters are the Ben-lion, hunted for his fur, and tlie 
wftlruH, for his I?ory tusks, which are superior to those of 
tlio elephant, and the narwhal, or sea unicorn, whose ivorj 
bom is eight or ten feet in length. 

Various depths are suited to various species of marine 
animals. The reef-building polyp cannot flourish at a 
greater depth than about 150 feet bfiowthe surface. Lower 
ilown, in depths so great as 1,500 nr uven 3,400 fathoms, 
living forms ore found, but they are of n Uiw ordei 
ininifera, spongeii. starSsb, and mo!luse«. The bathyi 
rii-nl range uf »iich creatures is surprisingly great, 

13. Floral Reff ions. — What may have been 

in all cases the precise causes which led to the 
existing distribution of animal life is not merely 
difficult, but impossible lo decide. No donbt the 
reasons for tlie al)sence from South America of 
everj' kind of native horse or ass, and the presence of 
many peculiar forms of life, must be sought in thvj 
long past geological history of the continent. T) 
a large extent they must be forever matter of 
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jecture ; and the same may be said of many other 
exceedingly curious problems that present them- 
selyes to the student of this subject. 

But whatever the causes in question may have 
been, we should naturally expect, from the intimate 
connection of plant and animal life, that the influ- 
ences which have affected the distribution of the 
one should have produced a corresponding effect 
upon the other. In a word, it would seem reason- 
able that the six regions into which the earth's 
surface has been found to be divisible on zoological 
grounds should be not only zoological, but phy to- 
logical or botanical also. 

The flora of each region may not perhaps be as 
distinctly marked as the fauna. There will nat- 
urally be much overlapping, many species being 
very widely diffused, and some being common to 
all parts of the globe. Still we ought to find 
some characteristic floral peculiarities in each 
region. And this we do find. 

The Old World region is the native liome of 
all the cereals excepting maize, of the apricot, the 
cherry, the apple, the pear, the olive, the cork 
oak, and sycamore fig. 

The Ethiopian region has among its peculiar 
vegetable forms the baobab, the oil palm, and 
coffee. 

The Indian region is characterized by the ban- 
yan, the fig, the mango, cinnamon, the gutta- 
percha and teak trees, and the sweet potato. 

The Australian region has a flora very distinct 
from that of all others. The leaves of the trees 
are of a peculiar bluish-green hue, and strangely 
present their edges to the sun, arranging them- 
selves vertically instead of horizontally. The 
eucalyptus or gum-trees, of which there are 400 
varieties, are among the loftiest trees in the world. 
Many are 400 feet high. One monster was felled 
which measured 480 feet. The beef wood trees are 
remarkable. Instead of leaves, of which they 
have none, they have sheaths enclosing their 
branches. They thus resemble in structure the 
'Miorsetail '^ with which we are familiar. 

The North American region is the native home 
of the magnolia, the live oak, the sequoia gigantea 
(giant trees of California), and persimmon. Nearly 
400 species of trees are peculiar to this region. 

The South American region is distinguished by 
the multitude of its parasitic forms. Peculiar to 
it are the cinchona, cacao and cocoa, the manioc, 
tlie potato, sarsaparilla, the Victoria Regia, and 
the passion flower. 

TOPICAL ANALYSIS. 

II. RANGE OP PLANTS AND ANIMALS. 

1. Oeneral faots. 

Illustration?. Geographical range. 



2. Bange dependent on Climate. 

niustrations rumisbed by geology. Modiflcations 
by climat«. Indian com. 

8. Zbnee of Vegetation. 

How defined. Horizontal zones. Limits and char- 
acteristics of each. 

Vertical zones. Correspondence of their charac- 
teristic vegetation to that of the horizontal zones. 

4. Bange of Food Planti. 

Range of cereals ; barley, rye, wheat, Indian com, 
millet and rice. Of the potato, banana, mandioca, 
bread- fmit and sugar-cane. 

5. Beverage Plants. 

6. Spioes and Narcotiw. 

7. Plants nted for Clothing. 

8. Medidnal Plants. 

9. Useful Trees. 

Timber trees of the torrid zone. 

10. Flora of the Sea. 

Ck>lors, as compared with those of the Jand flora. 
Distribution. Vertical distribution. 
Algie. Interesting forms. 

11. Distrlbntion of Animals. 

Why mainly dependent on climate. 

Zones of animal life. Characteristics and principal 

animals of each. 
Zoological regions. Divisions into zones of life, 

why not exact. Animal life of 'the different 

zoological regions, to what extent distinct 
Northern Old World region. Important animals. 

Animals peculiar to the region. 
Ethiopian region. Peculiar forms. Animal life of 

Madagascar and neighboring islands. 
Indian region. Peculiar animals. 
Australian region. For what remarlcable. Forms 

peculiar to it. 
North American region. Distinction l>etween its 

forms and those of the Northern Old World. 

Peculiar animals. 

South American region. For what remarkable 
Peculiar forms. 

12. Bange of Draught Animals. 

Adaptation of the reindeer, the camel, and the 
llama, alpaca and vicuna to locality. The yak. 

18. Limited Bange of some Animals. 

14. Fanna of the Sea. 

Range of, by what determined. Life of tropical 
waters. Of cooler waters. Range of the seal. 
Vertical range of the reef-building polyp. Life 
at great depths. 

15. Floral Begions. 

Reasons for coincidence of floral with zoological 
regions. Plants peculiar to each. 

Tkst Qubstions.— Name some plants distinguished for their wide 
range. Some animals. What draught animals have the widest range f 
Does the range of plants tend to increase ? Of animals r Is the range 
of either affected by human agency ? Can you give examples t Which 
of the cereals is produced in the greatest quantity ? Which is most 
laigely raised in this country * Which has the wider range, tea or 
coffee? 




liuifta include 
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vortiiMil range of 



3. Vitity of the Human Family. — 

Wherever miiii is found, he presents the same 
esHontial feiitures of body mid of mind. No 
audi differenwB sniidiT men us those which sub- 
sist between the horse tind the iion, tlie eagle 
and the ostrich. The hmnnn family is of one 
blood. 



:t. THvfrHifff.-i^tWl thu hout iind l'oIiI to 
which mun is habittiiilly expoited. the food whicli 
be lives upon, and the pliysical conditions gener- 
ally by wbicli he is surronnded will, in the lapse 
of time, protlueu certain efFecte upon his bodily 
and intclluctual organization. Hence we find 



(1) the Indo-European, comprising the Hin- 
doos, Persians, Circaseians. Slavonians, Teutons, 
and Celts; and (S) the Semitic families, of 
whom the Hebrews and Aiabs are the most im- 
portant. 

The t«rm Indo-Europc&n is i1i'riv<>d from Ihp tart tl 
this Uivision nF iho nev hiw calitblished ilsvlf all the * 
from Indin tn tho tarlhe«t bounds of Earopp, 

Exlent. — Nine-tenths of the people of th^A 
United States, as well as all the peoples of En- 
rope, except tlie Lapps, Finns, and Magyars, and I 
the Turks proper, belong to the Caucasian n 
Both of the Americas are governed by it. Atrtcftl 
is largely controlled by it. In Asia, it extends [ 
from the shores of Ihe Mediterranean, through { 
Arabia and Persia, and along the southera slopea " 



of the Himalaya moantaina beyond the banks of 
the Brahmapootra. 

Characteristics. — The Caucasians are the most 
symmetrical in figure, comely in person, snd 
beuiitiful in feature, of ull the branches of the 
human family. The numerous divisions and Bub- 
divisioua of the race vary in complexion accord- 
ing to the region they occupy. The extremes 
are the Germans with their flasen hair, blue 
eyes, and fair skin, and the IlindooB with raven 
locks, black eyes, and olive-brown or brownish- 
black skiu. The face of the Cauoasiun is oval, 
the head ample ; the hair full and often curled 
or wavy. 

In'ellectual Supariorily, — In intellect this race 
ranks first. With very few exceptions all the 
leading thinkers of the world have been Cau- 
Citsians ; and without any exception 
all the great discoveries of 
recent times have 
been made by 
members of 
^is familv. 
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Charactwiatica. — The color of the Mongolian is 
olive-yellow, Ilis face is broad, with wide and 
flattened nose, and small, obliquely set eyes. His 
hair is straight, coarse, and black, In stature he 
is somewhat below the ordinary standard of the 
Caucasian. 

In intelligence and moral character he ranks 
next to the Caucaeian. 

Brauclies of the Mon^liane, as the Eskimo, are very low 
in the intellectiinl wale. Not so the Chinese and .Tapunese. 
It IH true that, in the post, they hare displHyed the mi>nt«i 
inaetivitj which marks the Mongolian in gieiieral. They 
remaiueil for a(;u8 just where their 
ancesCors hod been. A 
vsfil chiinge, how- 
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It Is the race 
[<i which has been 
assigned the offleo of civilii- 
iii|; and enlightening the world. lt« 
LcDcittl hnbil,s and Mb goveramuntHl institu- 
S eduiAtional systems, anil ltd n^ljginus views 
are thoae which itioat condnce to the elevation and liappi- 
new of nmnkinil. 

Wherever the white man eslablishoB himself he B|>Be(lily 
twcoiues dominant: while the communitieu of other raoefl 
into whiuh he introduces himself are commonly sutiiected 
to a gradual process of eltiiictiou. 

The Mosgolian Rack derives its name from 
the Asiatic tribe of Mongols. The Ciiinese, Indo- 
Chinese, Japanese, Thibetans, and Turks in Asia ; 
the Finns, Magyars, and Lapps iu EurojH;, and 
the Esquimaux of the Arctic regions of North 
America are branches of this race. 
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Roing on. 

Thp roi'iMit fstab- 

ihmen' ofn ccin.''tit iiliona! 

form of govenimtmt by the Jn|)n- 

and their adoption of many ini[>nr- 

laiit feature; of European civilization entitle them 

to runk unioug the progresgive nations of the world. 

The same may be said En a leas di^grec of the Chinese, 

Somewhat also must be said in commendation of the 

native eirilization of Ixith these (Treat Mongolian communi- 

tiea. China has had a governmental system, IncluilinK the 

feature of promotion by competitive examinations, which has 

stood the test of ages. Ja|ian toil has been a prosperous and 

welljirdared slate for generationsofwhit'h we have no count. 

In religion the Mongolians are generally Buddhists. 

The Negro Bace is so called from the color 
of its skin (I^atiu, niger. black). It occupies 
nearly the whole of the African continent. The 
hair of the Negro is short and curly ; his nose is 
flat, wide, and upturned ; his cheek bones are 
prominent, and his lips thick. 

The moral and intellectual status of the Negro 
in his native land is low. When brought into 
contact, however, wiih the Caucasian race, he 
shows himself capable of considerable elevdKon. 




TBI U«LAT lUci w bdd Vt . 

bMran*. NfficMBU; aarfctil t» tntitlm H tm Mfw- 

The Kakn •oenpT « fmrt of Sfl«thi«iUra Aa» ( . 

p— i— ■!». Saaatim and Jwa, BoCMdv OeIAm. 

Fotvcwii, dte PUfippuM, K«v Twhri nd tht> \ 

riiliiiuMi ff^-rlf. aO h^ lim nee fcr th«r I - ^^ .^ < .. v 

-TW Bcvfaccs of Uw )Cal»T JC. CmtuUii»u» fWtwivWe I* CVHMv- 

^t, vitb ««Jl-pnipoftMMwd | ItoH.— Fntoi tUc brief minr of ibe (MCi k vfl. 
M ain«-jtlhw to be MCti bo* pmcrfal haa bees the mffrfr rf 
W »— <r Maek. TWir hairieaaane aad Mack, jilirrinil rirramitiiin i nynei ■en 5eM*paetM« 
laU^kc^aaQT aad neealhr the Slalana !■«< a ' wf tba banaa familr bare ncsaiacd be^rfaarfr 





in« Miier. SooM «l tbam. btMrr^rr. bafv a vrtl- hartanMM. Smbc ban nc«t<cd dnkaatiia fr^m. 
urn taagaagv sad a legal eade. Tbe; ai* tivc atben* aad >D*r. afaia. ba»c pma biitb to* a 
«« rovvn. end p w e to pinn. rivilixilian of tbeir ova — aa imJifrumm o<i&s»- 

Tai AamcAX Ikmass unMliian «W( anae tioo. Vbesrrer tbai Im hu •ecamd. ■ bee »- 
«tbaolacitfa dee^gaato m as oCnibaM of ibe Moo- nhablr bee« acitber at tbe yab, nm- ia (be b«c 
faUaaiaee. Ai iW tweof Cata^bH ibcr bi ' badeo< tbamfBea.bmaiberiaBBMMfegnHUd 
spread all (rvcr X«(tb aad Soatb Iwiiba bctveea (b* Iwo. It is bee* tl ~ 

S«iir «t tb* hect«r kMHsm tiibec are tW Cbip- 

y*«sn. S.UQX. Aiiarbw. aad Cbenbeea n Xottb (jmaMB 
Xm^Ttfr* : tb« C^rAa. tbw tiawaiiiaan aad Pua- 
pwi^ff , n: >«iatb Ifrifa 

C li » ffa rf trirfig«.— Tbe Assefficaa Indiaa m M)f>- 
p aa ml i r W or r«d.aBd tbenrfocv be ts «ftjefi catfed 
tW ^ Ma. HJk batr » UKb. caanr. aad 
•BatJft bM «beafc baas prveaiaBBL Sa Mtaoo 




"120 



MAN. 



I!f rlitimtfion af Lunrf. — Hfillaixl has boon roclaiined from 
tlu' M'.i. 'I'ln* \vatrr lias U'cn dyked out ; and many parts 
of tlu' country tliat wore llu' lK)tt()m of the soa nro now <lry 
land, and tliouudi bolow tlio lov^l of the si'a. form the home 
of industrious and happy communities. 

Wai-s ai:o tlierc were ahuiir the h>\ver bank.s of tlie ^Us- 
*«i^sippi. subjcet to ov('rl!«)\v. and uninhabitahh'. ** <lrowiied 
lamK." i*inl»ra(in^ an area larger in the agirregate than the 



are found which are best adaptied to man's physi- 
cal development. 

An indigenous, civilization has never had its 
birtliplaco under the blighting blasts of the Arc- 
tic regions, because there, from the cradle to the 
grave, life is one struggle for mere subsistence. , 
The body is so pinched and starved by cold and 
hunger as to ])revent tlie development of the mind. 

Neither do the moist and overheated climates 
of the torrid zone appear to be favorable to men- 
tal development. There the rainy season and the 
constant heat dwarf and enervate the bodv. Cold 
may not pinch, nor hunger gtTaw, yet fever racks 
the frame ; and the mind, in its first and feeble 
steps toward civilization, is crippled by the ills of 
the bodv. liodv and mind, moreover, lack in the 
torrid zone, by reason of its superabundant pro- 
ductiveness, the great stimulus to human exer- 
tion, necessity. 

Man, to be civilized, must be beyond the reach 
of clinuitic extremes.- 



f>- Mnn^H Inffuence upon Physical 
Qeoijvnph\i. — While, however, we notice the 
influence of physical geograpliy upon man, we 
must also notice the influence of num upon physi- 
cal geography. Although, like tlie brutes, he is 
strongly impressed by his material surroundings, 
he is unlike the brute creation in this : they can- 
not modify the (Conditions which surround tl'ifm : 
he can. To him alone has been given authority, 
in the lunguagd of Genesis, '* to subdue the earth." 
The methods to Avhich he resorts are mainly th\'ee : 
(1) Drainage, (2) Irrigiition, (3) Extension! of the 
range of useful plants and ahinnils. 

In many cases skill and perseverance triumph 
over natural difflculties that seem insuperable. 

I)KAi\A(iK. — Immense chanircji are wrouijht bv 
artificial <iniinage. Superfiuoiis water, instead of 
being left to form nuirshes, saturate the soil, and 
Ik* taken up by evaporation, is carried otf uiuler- 
groiiiul through the draiii-j)i|)es : consequently, 
tiie air is iu)t so largely impregnated with moist- 
uri' as formerly, and tlie soil, instead of being 
constant I V (diilled hv evaporation, is rendered 
warm, irenial. and j)roducfive. 

This rt'sult is ])aniciilarly noticeable in England 
ami Scotland, where verv extensive areas have been 
draiiK'd and broui^^ht under cultivation. - 



State of New York. Many of these lands have been re- 
claimed by means of levees. 

The "dyke" lands of Xova Scotia and New Brunswick 
have been reclaimed from the sweeping tides of the Bay of 
Fundy. They arc probably the finest hay-lands in the 
world. Some of them have ])een cropped 200 years. They 
are as sure to yield as the fields of Egypt. 

Irrigatiox. — By man's agency in using the 
waters of the Xile for irrigation, Egypt became 
in olden time the granary of the world. Canals 
conveyed the water to lands not reached by the 
flood. And to-day the Egyptian peasant is using 
with profit the devices employed by his ancestors 
more than 3,000 years ago. Much of the country 
yields three crops every year. 

In India and Ceylon vast districts of country 
are rendered fertile by the use of tanks and reser- 
voirs, which were constructed long ages ago for col- 
lecting the water in the rainy season, and distrib- 
uting it in the dry, for the purposes of irrigation. 

The dry regions of our own country also are 
now largely irrigated. In Utah, California, Ari- 
zona, Xew Mexico, and Colorado the wilderness has 
been, by this means, transformed into a garden. 
Some single '* canals'' with their distributing 
channels carry water to 150,000 acres. 

Uaxgk of Plants axd Aximals Extended. 
— Races of men, species of animals, and families 
of plants lijive been carried from one country to 
another, and their geographi(.'al range enlarged. 

Indian corn, tobacco, and the potato, with many 
other ])lants, the turkev and other aninuils. were 
indigenous to America. They have been carried 
to the Old World and acclimated. On the other 
lMlnf^ l^B. horse and cow, the sheep, hog, goat, ass, 
and other animals of the Old World, with wheat, 
oats. rve. barlev, and rice. Mie suirar-cane and 
(•(dfee, and a great vjiriety of other plants, have 
bqen transj)orted to America. 

A few stray cattle and horses escaping to the 
pampas and llanos of South America, have multi- 
jdied exceedingly. So wonderfully have they in- 
creased that, upon the pampas, millions of them 
are slaughtered for their hides, horns, and tallow. 



TOPICAL ANALYSIS. 



III. MAN. 

1. Range of Human Habitation. 

VtTtiral raii«:t'. 

*2. Unity of Human Family. 

3. Diversity. 

4. Division into Rapes. 

Thf ('auca^ian race. Origin of 
Kxient. < haracterittica. fk 
. Th«' Mongolian race. C^ 
j^rossivc character.* 
The Negro race. 
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The Malay race. Extent Chancteristlca. 
American Indians. Extent Important tribes. 
CharacterUtica. Former civilization. 

6. ConditioiiB fovorable to Civiliiation. 

Frigid and torrid climates, why unfavorable. 

6. Man*8 Inflnence on Phyilcal Geography. 

Extent of Inllncncc. Drainage. Reclamation of 
land. Irrigation. Range of plants and animals 
extended. 

Test Questions.— How is It that man has a wider range than any 
oiher animal ? If we wished to divide the homan family into three 
races only, how should the division be made ? To what race do the 
Moors belong ? The Siamese ? The Hungarians ? The Hottentots ? 
The Fijians? The Sandwich Islanders? The Celts? The Slavs? 
The Tatars ? The Bedouin ? The Teutons ? The Choctaws ? The 
Aleutians ? The Pawnees ? Do you know of any important exceptions 
to the general non-progressivcness of the Mongolian race ? Name 
some respects in which all the races except the Caucasians resemble 
each other. 

IV. GEOGRAPHICAL DISTRIBUTION OF 

LABOR. 

1. Distribution of Labor Dependent 
on Physical Geography. — Every nation has 
industries peculiar to itself. These, to a large ex- 
tent, have their root in geographical circumstance, 
or in difference of climate. 

To show how human lahor, when unaffected by 
tariffs and untrammelled by legislation, would 
naturally distribute itself over the earth in obedi- 
ence to geographical law, let us suppose two fami- 
lies to have been planted originally on the earth, 
one at the equator, the other in the Arctic re- 
gions. How different, on account of their geo- 
graphical surroundings, would be their occupa- 
tions 1 

The intertropical family would seek the shades 
of the groves, pluck the ripe fruit overhead, re- 
quire little clothing, and be exempt from under- 
going the hardshij)s of toil to earn their daily 
bread. With little exertion on their part nature 
would supply their wants. 

The Arctic family, on the contrarj', would be 
clothed with skins and furs ; the earth would pro- 
fluce no grain or vegetables for them. They 
would live by the chase and the bounties of the 
sea. 

Diversified Industries in Middle Lati- 
tudes. — Now, suppose these two families grad- 
uallv to extend themselves, the one toward the 
north, the other toward the south, meeting mid- 
way near the isotherm of 50"". [See map, pp. 72, 73.] 

The occupations of both, as they continued to 
approach this middle grouixd, would no longer be 
directed^ on one side mainly toward the sea, and 

U> the doil ; but would be- 

t family would 
re occnpa* 



tions, some to the manufacture of clothing, others 
to the fabrication of implements for husbandry ; 
others again to seafaring. Novel opportunities 
would present themselves to the northern com- 
munity, and induce them likewise to subdivide 
their labor. They would divert a portion of it 
from the sea and the chase, and devote themselves 
to a greater or less extent to agriculture, to the 
forest, the mine, and the factory. 

Such a diversity of occupation really exists among 
men. The middle latitudes, embracing regions 
lying not far from the isotherm of 60°, form a 
belt encircling the earth, where human occupations 
are most diversified. In some parts of this belt 
the tending of flocks and herds and the raising of 
stock are the chief industrial pursuits ; in other 
parts agriculture, in others mining, manufacturing, 
seafaring and lumbering ; in some, all of these 
occupations, or several of them, are combined. 

As you go south of tliis middle ground, the at- 
tention of the people is devoted more and more to 
the field anc' the forest ; and as you go north, 
more and more to hunting and the sea. 

Turn your eye along this middle ground round 
the world, and you will find within it the most 
active seafaring and commercial peoples in the 
world, the greatest mnnufacturing nations, and 
the largest cities. 

In America the TInited States for the most part 
is embraced within this belt. In Asia, Japan and 
parts of China, with their large cities, are included 
in it ; while all the great commercial, manufac- 
turing, mining and seafaring communities of Eu- 
rope reside within it. 

You can now perceive that there are geographi- 
cal reasons why the people of South America, of 
Africa, India and of the tropical and sub-tropical 
regions of the earth should, in the main, be rather 
agricultural or mining in their industries than sea^ 
faring or manufacturing. 

General Rule. — And in general it may be 
laid down as a rule ; that the industries of every 
country are connected with its geography, and thai 
human labor is distributed, largely, in obedience to 
certain physical conditions, 

2. Industries of our own Country.^- 

A brief survey of the industries of our own coun- 
try will serve well to illustrate this law of the 
geographical distribution of labor. 

Agricultural Pursuits. — Let us observe in 
the first place how the principle applies to our va- 
rious agricultural pursuits. Climate, of course, 
furnishes the predominant reason why different 
products are raised in different parts of tlie country. 
But we shall notice that other minor causes are 
not without their influence. 




Name Ihe lemiing occupations of GreaL Brit«in. 
Where ia the raaking ot beet-iwit sugar lurguly curried 
in? Silk culture? Winu? What is the great fniit- 
growing region of Europe? What are the occupations of 

northern Sweden anil Norway? Of Russia? Spain? Of 
SoulJiAtrica? MadaKast'iir? Oflhe enBi and west coasls 



'jfAfrifH? Of Egypt? 
region of Afriea? 

Name some m.<cupalions of IikIih. WhU j 
metal is mined in the East Indian ArohI|ie 
of supply of eainphor nod sanda 
Mention some of the leadiri!.' i>fcu]ialio 
Canada. Of difffr-iri 
Stales. Central America and tin- tt'u* 
ico. liraail. Peru. Chile. The i 
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From Bombity tn Liver]imil Ti> Ihe Siikx CumL Two 
routuii from Liverpool to AuEtntlio. Ftnm Sow York In 
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The Mississippi Valley. — In the Valley of the 
Mississippi, which may be regarded as the great 
agricultural region, we find, as we advance north- 
ward from Louisiana, a succession of climatic 
belts, and a corresponding variety of crops engag- 
ing the attention of the husbandman. 

First of all, near the borders of the Gulf of 
Mexico, comes a belt in which sugar and rice are 
important crops. Leaving this belt, we enter 
regions, one after anotiier, specially adapted to 
the cultivation of cotton, tobacco, corn and wheat, 
hemp, the grape, and orchard fruits. 

The Atlantic Slope, — If the journey lie along 
the Atlantic Slope from Florida to Maine, we find 
a similar succession of belts and products: but 
with this striking difference, owing to the influ- 
ence of the sea, viz., that the climates are milder 
and the belts broader. 

In the '* Tide-water Country" these belts are so 
widened that rice cultivation is carried up into 
Xortli Carolina, cotton is raised in Virginia, and 
fiirs in Marvland — all much farther north than on 
the west of the Alleghanies. 

In the, tide- water country of Georgia and the Carolinas, 
rice is a more important article of cultivation than in Ahi- 
bama, Mississippi and Texas. There is a geojjraphical rea- 
son for this. The Atlantic has tides, the Gulf of Mexico 
ahnost Tione. Rice-fields recpiire. in certain stages of the 
crop, to he flooded. The tidal creeks and rivers of the sea- 
t)oard afford facilities for this which are lacking in the tide- 
less streams of the Gulf States. 

At the same time Louisiana has l>ecome the first rice- 
growing State in the Union. There are reasons for this. 
In the Mississippi deltA the river is high above the culti- 
vated ground. Conseipiently a supply of water can he 
obtained by simply tapping the river. In the s<juthwestern 
** parishes,'' away from the river, immense areas of low and 
level lands are readily irrigated from artificial reservoirs. 

The Parifir Slope, — The agricultural pursuits 
of the Pacific slope, owing to its pliysical pecul- 
iarities, differ from those of the Atlantic. No 
rice or cotton is cultivated. But the region is 
unsurpassed for its wheat and fruit crops ; the 
olive, vine and orange vield abiindantlv, while 

• - »■ ft 

stock-raising and wool-growing arc profitable em- 
ployments. 

Otuek Indl'stuial Pi'KSi its. — Considering 
now the various other industrial pursuits of our 
people, we find it to be the rule that Physical 
Geography has largely determined how the occu- 
pants of each section siuill employ themselves. 

Here we view far-reaching grass-covered plains 
which naturally suggest the occupations of stock- 
raising, dairying, or wool-growing. Elsewhere 
we traverse forests famed for lumber, ship-timber 
*'«,! stores. In yet another region we ob- 



serve that attention is directed to the great lakes 
or water-courses for fish and fowl ; or to the in- 
terior of the earth for minerals ; or to commerce, 
manufacturing and navigation. 

All these occupations are, it is true, adopted 
according to individual fancy, yet still they are 
clearly prompted and controlled by geographical 
circumstances. 

Industries of New England and Gtlf 
States Contrasted. — A very striking illus- 
tration of the law of geographical distribution of 
labor is obtained when we contrast the leading 
occupations of such widely separated sections of 
our countrv as the Gulf States and New EuiJ^- 
land. 

In the former there is no *Mvintry weather.'' 
The husbandman may labor in the field all the 
year long, and the soil yields abundantly. 

In New England, on the other hand, the ground 
is covered with snow, or is frozen hard, during 
four or five months in the year. How is New 
England industry to ply its hand during this 
period ? It cannot till ; and it will not do to 
stand idle. 

Forests upon the mountains, ships upon the sea, 
(juarries of valuable stone, and above all factories 
of every description furnish ample employment 
for the industrious population. New England is 
a manufacturing bee-hive. Its polished granites 
and marbles arc distributed everywhere along the 
Atlantic seaboard for building and ornamental 
purposes ; its manufactures fiiul a market in every 
part of our own country and are exported to the 
far distant seaports of China and Japan and the 
islands of the coral seas. 

Louisiami, and her sister Southern States, on 
the other hand, want laborers for their harvests of 
cotton, corn, sugar, rice, naval stores, hemp, to- 
bacco, etc. There are, therefore, inducements 
peculiar to each of these two sections which allure 
the })eople of one to this branch of industry, the 
people of the other to that, according to geo- 
graphical circumstances. In one, these induce- 
ments lead to the sea and the factory ; in the 
other they point to the bosom of the earth. 

MiNiN(i and MANUi'ACTruiNti. — If coal and 
the useful metals are found in any region, manu- 
facturing interests will sooner or later be devel- 
oped. It is in no small degree owing to her vast 
deposits of coal and iron that Great Britain occu- 
pies her extraordinary position as a manufacturing 
nation. Pennsylvania, Ohio, Alabama, Illinois, 
Virginia, Maryland, ^fichigan, and other States 
similarly rich in the useful minerals, are actively 
engaged in mining and metallurgy. 
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Fishing akd Commerce. — ^Again, people are 
maritime in their habits from physical reasons ; 
partly because they are adjacent to the sea ; and 
partly because^ owing to the conditions wliich 
surround them, the bounties of the sea are to 
them more enticing than the bounties of the land. 
Hence you find that the seafaring populations of 
the world belong chiefly to those countries where, 
either from the poverty of the soil, the severity of 
the climate, or the high price of food, it is easier 
for some of the population to make a living by 
braving the sea than by delving on shore. 

Tou do not find ships at sea manned by sailors 
from the Mississippi Valley and the seacoast of the 
Southern States, where lands are cheap, climates 
mild, and where the soil is lavishly kind ; but 
rather from New England, Great Britain, and the 
countries of Northwestern Europe, where, largely 
on account of geographical circumstances, the 
laboring man finds it in many cases easier to make 
a living at sea than on shore. 

Origin of Commerce. — It only remains to point 
out how commerce between nations originates 
naturally in the facts of physical geography. 
Articles required for food and shelter, comfort or 
luxury, being irregularly distributed over the 
globe, it becomes necessary that human industry 
should be partly directed to the exchanging of the 
natural and artificial products of one region for 
those of another. As will be seen by an inspec- 
tion of map on pages 122 and 123, the routes of 
commerce are determined in all cases by the irreg- 
ular distribution of valuable products. 



3* Conclusion. — Let us now briefly sum up 
the conclusions of our science. Physical Geog- 
raphy teaches us to see order and law, harmony 
and design in every part of the terrestrial ma- 
chinery. 

We learn from it that the very position of the 
earth at a certain distance from the sun has a pur- 
pose — that the inclination of its axis has an im- 
portant bearing upon climate and seasons ; that not 
without reason do the mighty waters occupy so 
large a proportion of its surface ; that they yield 
of their abundance to refresh the dry and thirsty 
land ; that the wayward winds are obedient to 
law, and blow for definite reasons ; nay, that even 
the storm and hurricane reveal to us their ordi- 
nances, although we may not discern their pur- 
poses. 

We learn that mountains are not simply feat- 
ures of the landscape intended to impress us with 
their grandeur and beauty, but that they control 
the rainfall and determine where the vapor-laden 



winds shall discharge their burden of refreshment ; 
and, stranger than this. Physical Geography in* 
structs us to regard the very deserts, with their 
arid and burning sands, not as waste areas, but 
rather as invaluable parts of the vast mechan- 
ism by which the lands of the earth are clothed 
with verdure, and the labors of the husbandman 
crowned with success. 

Borrowing from the sister sciences of chemistry, 
botany, and zoology. Physical Geography discloses 
to us how wondrously the inorganic world is 
adapted to the support of plant and animal life, 
and how marvellously these interact the one upon 
the other. It tells us that the sturdy oak absorbs its 
strength from the unseen air, while the lichen and 
the daisy spend their lives in elaborating an at- 
mosphere that may support the life and energy of 
man and beast. 

In a word, the science of Physical Geography 
unfolds to us this grand view of our planet, that 
in all its arrangements there is proof of All-wise 
and beneficent design. The study leads to a 
deeper understanding of the Psalmist's words, 
" The earth is full of the goodness of the Lord ; 
so is the great and wide sea also." 

TOPICAL ANALYSIS. 
IV. OBOOBAPHICAL DISTRIBXTTION OF LABOR. 

1. Distribatioii Dependent on Phyiieal Qeognphy. 

An illoBtrative example. Diversified Industries In 
middle latitudes. Gmdnal Increase in divensitj 
as middle latitudes are approached. Important 
industrial pursuits in those regions. Consequent 
prosperity. Characteristic industries of polar and 
equatorial regfions. General rule. 

8. IndoBtries of our own Country. 

Agricultural pursuits. The Mississippi Valley. Suc- 
cessive climatic belts and their characteristic 
products. The Atlantic Slope. Cause of its 
broader belts. Advantages for rice cultivation. 
The Pacific Slope, agricultural pursuits of. In- 
fluence of physical circumstances on other in- 
dustries of the country. 

Industries of New England and Gulf States con- 
trasted. Mining and manufacturing promoted 
by mineral wealth. Circumstances tending to 
develop the industries of fishing and commerce. 
Origin of commerce. 

8. Condnaion. 

Evidences of harmony and beneficent design in the 
terrestrial machinery. 

Test Qusstions.— Name three or four causes, aside from climate, 
which may affect the industries of a people. Name some advantages 
of diversified industries. Do you think there is any intellectual advan- 
tage, and why ? Difference between savage and civilized nations as to 
diversity of industries. Is the diversity likely to increase f Why f 
How does increasing diversity affect commerce ? In the United States 
there are more railroads running east and west than north and south : 
can you give any reasons for it f 



TOPICAL ANALYSIS FOR REVIEW. 



Balfltions Between FUnts 
and Animab. • . . 



^ Lifo ( Organic and inorganic natare. 

( Flora and Fauna. Points relating to them to be considered. 

I What animals require for respiration. 
-( Effect of the change of oxygen. 

Deleterious product, how disposed ol 
Oxygen prepared by plants. 
Food of animals supplied by plants. 
Mutual checks. 
Influence of the winds. 



Mutual Dependence of Plants ^ 
and Animals. 



' General facts. . . . 
Zones of Vegetation. . 

Range of Food Plants. 

Beverage Plants. 
Spices and Narcotics. 
Plants used for Clothing. 
Medicinal Plants. 

Range of Plants and Ani- Useful Trees. 

mals. ^ Flora of the Sea. Algae. 

Distribution of Animals. 



j Range dependent on climate. 

( Modifications by climate. Illustrations. 

How defined. 

Horizontal zones. Limits and characteristic plants of each. 

Vertical Zones. Correspondence to horizontal. 

The cereals. 

The potato, banana and mandioca. 

Bread-fruit and sugar cane. 



KaiL 



Why dependent on climate. 
Zones of animal life. 

(Important and peculiar forms in each. 
Australian and S. American regions, 
for what remarkable. 

Range of Draught Animals. Special adaptation of some to locality. 
Limited Range of some Animals. 

fl^Aiige, by what mainly determined. 
Life of tropical waters. Of cool waters. 
Range of the seal ; reef-building polyp. 






Floral 



Regions. , . . j 



Reasons for coincidence with zoological regions. 
Plants peculiar to each. 



• •< 



Range of Human Habitation. Vertical range. 

Unity of Human Family. Diversity. Causes of diversity. 

^ . c Divisions. Extent. 

Caucasian race. . j characteristics. Superiority. 



Division into Races. < 



Mongolian race. 



Extent. Characteristics. 



Negro race. . . 

Malay race. . . 

^ American Indians. 

Conditions Favorable to Civilization. Frigid and Torrid Climates, why unfavorable. 

,. , T ^ „, . - ^ , ( Extent of influence. 

[ Man's Influence on Physical Geography. | ^^^^ .^ ^^^^ .^ ^ ^^ ^^^^^ 



Oeographical Distribution 
of Labor 



' Dependent on Physical G^eography. Diversifled industries in middle latitudes. 

r The Mississippi Valley. 
Agriculture. J The Atlantic Slope. 
[ The Pacific Slope. 

Industries of our 0¥m coimtry. -^ Influence of circumstances on other industries. 

Industries of New England and Gulf States contrasted. 
Mining and manufacturing. 
Fishing. Commerce. Origin ol 

^Conclusion. Evidences of harmony and design. 



PRONOUNCING VOCABULARY. 



Bxflah ATXON.— In this Vocabulary the beat and moat recent authorities haye been consulted for both spelling and pronunciation. I or ay, fl, 
I, 0, fl, are to be pronounced as in bate, mete, bite, note, tube ; ft, 6, T, 6, ft, as in bat, bet, bit, not, but. The sound of a in/ar is indicated by ah ; 
a \nfall^ by aw ; o in do, by oo ; gin get^ by gh. U represenu the sound of eu in French, which resembles the sound of e in her. 

The nasal sound occurring in some French words is indicated by N, as Toulon (too-loN) ; this nasal sound is somewhat like thst of ng sounded 
through the nose. Letters inclosed by ( ) indicate pronunciation. In some cases two accents will be found in one word. The principal accent is 
represented by ', the secondary by ^ . 



Abyssinia (ab-is-sinM-a). 

Aconcagua (ah-kon-kah'gwah). 

Aegean (e-j6'an). 

Afghanistan (af-ghan-is-tahn'). 

Alas'ka. 

Aleutian (al-oo'she-an). 

Altai (ahl-tl'). 

Am'a-zon. 

Amboyna (am-boi'nah). 

An'des (an'dSz). 

Antigua (an-te'gwah). 

A-pa'che. 

Ap-pa-la'chi-an. 

Ap'ennlncs. 

Ar'ab. 

Ar'a-rat. 

A-rau-cft'ni-sn. 

Archipelago (ark-T-pera-go). 

Argentine (ar'Jen-tGn). 

Ari-zo'na. 

Artois (alir-twah'). 

Az'ov (az'of). 

Az-ore8\ 



Baikal (bT'kahl). 

Balkan (bahl-kahn', or bal'-kahn). 

Baltic (bawl'tic). 

Bar-bft'does (-dOz). 

Bedouin (bed'oo Gn). 

Bering (bC'ring). 

BeI-oo-chis-tan\ 

Beiicoolen (ben-koo'len). 

Bengal (bengawl'). 

Bep'ho. 

Ber-nard'. 

BhooJ (booj). 

Blanco (blang'ko). 

Bogota (bo-go-tahO. 

Bo-liv'i-a. 

Bor'ne-o. 

Bonchen (bo-shen). 

Brah-ma-i>oo'tra. 

Brazil (brah-zilO. 

Bund (boond). 

Bur'mah. 

Cairo (kl'ro ; in U. S. kl'ro). 

Callao (kal-lah'O, orkal-yah'C). 

Campagna (cam-pan 'yah)> 

Can'a-da. 

Cafton (can'yon). 

Caracas (cah-rah'cas). 

Car-ib-be'an. 

Cassiquiare (cah-se-k6-ah^rfi). 

Cau'ca-Bus. 

Celebes (sel'e-bez). 

Ceylon (se'lon, or se-lon'). 

Charybdis (ka-rib'dis). 

Cherrapungce (cher-ah-poon-Je')- 

Chili (chine). 

Cinchona (sin-ko'nah). 

Cir-ci8'sian. 

Co'mo. 

Comorin (kom'o-rln). 

Cosegnlna (ko-sft-ghe'nah). 

Cotopaxi (co-to-pax'e). 

Cumana (ku-mah-nah'). 

Dec'can. 

Dnieper (nfi'per). 
Dniester (nCs'ter). 
Dwina (dwG'nah). 



: Ecuador (ek-wa-dor'). 
Esquimaux (esice-mo). 
Estacado (es-tah-kah'do). 
Etetilan (e-tfi'zhan). 
Eu-phra'tes (yoo-frfi'tes). 

Fiord (fe-ord'). 

Gal-a-pa'gos (gal-a-pah'gos). 

Ganges (gan'jez). 

Garonne (gah-ron^). 

G6ant (zhft'oNg). 

Ge-nfi'va. 

Geysers (ghrzers). 

Ghauts (gawts). 

Gtobi (gO'bC). 

Grenelle (greh-neir). 

Grim'sel. 

Guadaloupe (gwah'da>loop). 

Guatemala (gwah-tc-mah'la). 

Guayaquil (g\«'T-ah-ker)- 

Guiana (gh6-ahn'a). 

Guinea (ghin'e). 

Ham'mcr-fest. 

Han'ie. 

Hawaii (hah-wah'e). 

Haytl (hi'te). 

Her-cu-lfl'ne-um. 

Himalaya (himah'la-ya or hlm-a- 

Ift'ya). 
Hoogly (hoog'lee). 

Ibi Gamin (ee'be gah'min). 
lUimani (el-ye-mah'ne). 
Indies (In'diz). 

Jamaica (ja-mfi'kah). 
Jan Mayen (yahn-ml'cn). 
Java (jah'vah). 
Jax-ar'tes (tez). 
Jorullo (ho-rool'yo). 

Kamtchatka (kam-chat'ka). 

Kar-a-kO^rum. 

Keni'a (S'a). 

Ke'okuk. 

Kerguelen (kerg'c-len). 

Khamsin'(seen). 

Khar-toom\ 

Khasla (kas'se-ah). 

Khingan (kin-ganO. 

Khiva (kfi'vah). 

Kilauea (kee-I6w'a'ahl. 

Kilima-NJaro (kU-e-mahnJar-oO. 

Kirghiz (kir-ghCz'). 

Klintchev. 

Kiion Tiiin (kwen loon). 

Kurile (koo-r«l, or koo'ril). 

Ku'ro Si'wo (s€'wo). 

Lab-ra-dor'. 
La'-do-ga. 

La Plata (lah plah'tah). 
Lar'^a. 

Lauricocha (low-re-co'chah). 
Le'chaud (lA-shoO. 
Lipaii (lip'a-re). 

Llano Estacado (lysh'no es-tah- 
kah'do^. 



Llanos (lyah'nos). 
Lo-fO'den. 



Macassar (makas'sar). 

Mad-a-gas'car. 

Magellan (ma-Jel'lan, or maj-el- 

Ian'). 
Maggiore (mahd-jo'rft). 
Malacca (ma-lak'ka). 
Ma-lay'. 

Maravaca (mah-rah-vah'kah) . 
Marqucsaiji (mar-kfi'zas). 
Mar-a-cay'bo (-kl-bo). 
Martinique (mar-te-nCkO. 
Mauritius (maw-rUh'e-iis). 
Maz^atlan'. 
Mekong (mA-kongO. 
Mcdusic (mc-du'tjifl). 
Mer de Glace (mair de glass). 
Messina (mes-se'nah). 
MiMe-po-ra. 
Mon'derf. 
Mon-gO'li-an. 
Mont Blanc (mdN bldN'). 
Mozambique (mo-zam-bek'). 

Nevada (ne-vah'dah). 

New-found'land (or nu'fund-land). 

New Zealand. 

N!-ag'a-ra. 

Ni'ger (nl'jer). 

Nlsyros (nis'e-ros). 

Nyanza (ne-an'zah). 

Nyassa (neas'fiah). 



O-des'sa. 

Okhotsk (o-kotvkO. 

OnC'ga. 

Oppido (op'pe-do). 

Orizaba (o-re-zah'bah). 

0-ri-no'co. 

Ox'us. 

Pamir (pah-mCrO. 

Pamperos (pam-pfl'ros). 

Pan-a-ma' (-mab). 

Pa-pan-da-yang'. 

Parime (pah-r6'mfi). 

Pas'to. 

Pa-ta-go'ni-a. 

Peking'. 

Peling'. 

Periades (pay -re-ad). 

Peru (peroo'). 

Plata (plah'tah). 

Plateau (pla-to'). 

Polynesia (pobe-nee'she-a). 

Pompeii (pom pa'3'fl). 

Porto Rico (port'o r«'ko). 

Puna (poo-nah'). 

Piiy de Dome (pwee-deh-dcm'). 

Pyr'-e-necs. 

Quito (kC'to). 



Rainier (rt'neer). 
Rfi'gla. 
Rhine (iTn). 
Rhone (rOn). 



Riobamba (re-o-bam'bah). 
Rio de la Plata (re'o dft lah plah'- 
tah). 
Roque (rok). 



Sahara (sah-hah'rah). 

Salzwerk (zalts'verk). 

Santorini (san-to-ree 'nee). 

St. Etienne (sant fite-€n'). 

St. Gothard (go-tar'). 

Saskatch'e-wan. 

Sen-e-gam'bia (boa). 

Sierra Madre (se-er'rah mahMrt). 

Sierra Nevada (se-cr'rah ne-Tah'- 

dah). 
Simplon (sam-ploNg). 
Sioux (soo). 
Si-roc'co. 

Skaptar JOkul (gkap'tar yu-kooP)* 
8ol-fa-U'ra (tah'rah). 
Spitz-berg'en. 
Stanovoi (stahn-no-voi'). 
Steppes (steps). 
Strom'bo-li. 

Suleiman (M)o-lS-mahn'). 
Sumbawa (soom-baw'wah). 
Sumatra (soo-mah'tra). 
Sun 'da. 
8y'ri-a. 



Tahiti (tah-he'te). 

Tal-efre (tal-ftf*). 

Tanganyika (tahn-gahn-ye'kah). 

Tanjier (tahn-jCr'). 

Thian Shan (te-ahn'shahn). 

Thibet (tib'et or tib-ef). 

Tl'gris. 

Titicaca (ll-tl-kah'kah). 

To'kio (ke-o). 

Torricelli (tor-re-chCl'le). 

Torto'la. 

Tristan d'Acunha (tris-tan da- 

koon'yah). 
Tsetse (zeet-zee). 
Tsi-en-tsang'. 

Tunguragua (toong-goo-rah'gwah). 
Ty-phoon'. 



Upcmavik (oo'pernab'vik). 

U'ral or Ou'ral. 

U'ra-nus. 

Urumtsi (oo-roomt'see). 

Valdai (val'dT). 
Venezuela (vene-zwC'la). 
Vindhya (vind'yah). 

Wen'er. 

Werchojan^tk (ver'ko-yanski. 

Yablonoi (yah-blonoi'). 
Yakutsk (yah-kooUk'). 
Yang-tso-Kiang (yahng^tse ke 

ang'). 
Yo-sem'l-te. 
Yu'kon. 



Za'gros (zah'gros). 
Zambezi (zambA'ze). 



MEAN TEMPERATURE AND RAINFALL. 



TABLES OF MEAN TEMPERATURE AND RAINFALL. 
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ranjlf K of , Sii, ir plildsOT; 
plniirfi pL>ci]llHrlr>. IID ; pljUoui 
III, m ; nUiu or, U : windii uf. 
m,9i. 
Mi^ carbonic lu^UI of, OO ; clfTUlji- 
HO: d«igi'ly'uf, TO: 



diHigily uf, 

*ura or on Ih 



, jULng-i'.. ■■ 

wtler.ni pTaianra or rn ' 
jind bea«t, IIS; height nr 
mabuire of. 8.vttt: »iu>> n 
of. T5-8i ; ivdehl of, US, 70. 

Al«ili»n Corrent, 8.1. 

AI|».3S: upectsof the, 31; i 



Anicrlcn, N.'rili. animal* nnulii 
lo. li«:i1ni1n«»^or.M:1ndliii 

mIil'.-; -(', *). 81 '; plain" of, 31 : 
plrmi-'p^culliirt^llB; plllraua 

oflw.se.sa. 

AnwrlcL fioaCh, «niiiLBl« pecollHr 



I of, W; monuuln- 
', SI ; plnlna of, 31 ; 
Mliar to, nsi pUlHiu 
nisi] of. fB; wmUralinl 



ralnrall.BS: pvnka of , St ; wev- 



raagti of wnoo, llA; modlflrn- ' 

- atotbrcSf — ■■"- ■ 

114; aij 



A|'i>il)i.<'hi<m :tlunnl<i<ni>, ai. 

.\TniiiH, pinLvauof an. 

j^rcilc Ocean, U. 36. iS. M; cur- 

naU of. H 6S. 
ArkDnnu. botiprinj^of, 11. 

AriEslau Weill, Ktlon ot, K ; tem- 
liqnilunnjf,I»;vtlijKiiall*d,4S. 

A#li,dnlnageof,M, U: Ukeauf, 
lain raiipn of. 34, S9 -. piilnK of, 



b-rrfrr iwf of, 4b, « : draini^c 

laing iif, s:; iuU1vl'> of, 117; 
planu iiecullu' to, 115; wlnda 
of,BU. 
AmurallMi Alp>, 3T ; t^oirenu, OS. 



Bolivia, plilcaii of. SS. 
Boree, most nlnnrkBtil.'. BO. 
Bnuil. 41 Camnl, 61. 
Buds-Piittl, tnnlan well al. i: 
Cai.h Belt, m.ivi'ment of, W. 
(-olmi of (.'anoT. 78; Capnvv 

7)i ; EquBIur, 78. 
rsrarl, nuigi^ of, 118. 

Caraca*. dc«ir™Uon of. 22. 
Catpolhlnn Jlounlaini.SS. 
CMCaile MoanlalUB, ludiumo' ol 

rainfall. SB. 
Calp an Sea, Si, 33, 31. 40. 
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itent of in. origin . 



lid'al'.wiu-^in! m!'"'""" " ■ " ' 
Altanllc Slope, Induilrirt of, lei. 
AUaaMouiiulna,ST. 
AIniiHplieK, eompoi'llliiii or, OD ; 

elFclrlvUy of. H : nplfht o.', <i». 



nr.ft?. 
Cliariitfton, canhquskc of, «l. 
{■henaponjM. rainfall of. M. 
(11111,32; nlnaor. 89. 
China. 4". «i plain* of J8, 38. 
ClrenUllon of (he air, 76. TT ; of 

ilicHa,a^4l,W orw>(rr,4l. 
Ctvllluitluii, ivndlri.ini lavurahle 

to, Ig iwl; Ifl. 
■Cllmale.canf^ whlchino(llfj,T"; 

efteciof jlldaiicefroEn Ihi-KqLin 



inlanil. 74; ininlar, Tl 
elemenliof, 70; planisa 
Imali modifled b;. 1U3, 1( 



Clouds, tlui-Ulcatloa of. 87; lidglit 

of, SB ; offlcsa of, m -, orlelii i>r. 

H7; velocity Of. 98; "h/ ih<^y ■i" 

not fall, at. 
Colorado, cuaa of, 39. 
Ciindcnsatlon, SB; eiertu > wa^l^ 

Jnginlluence,-.!, 
OooiUnl pniclpllilion. region of, 

91!. 
Cnnlinent>,Sn; ui'But.SO; gi^nctal 

relief of, au. 
Copemlcne, theory of concerning 

Carat, d]«trlballnn nf, 41 ; gmvoa 
und X'W. 40; l»liu<dii. formalloii 
of. UK. 40: polyp. dvKrlptlon 



mnni-iice of on cllmai 
ae« of. 87. 
Cyclone*, 81; Hluolrallou 

I I)»u Sea. 3S, 49. 
1 Uoccan, plateau of, an. 



, effect of ._._ 

It oceanic lurteou, 81 : 

Internal heal of, 13 : Interior of, 
II ; maenetluD of, 10, 13: mag- 
nellcpuloaof,ll: nioUonaof.g; 

;«1hquakes, cmUt of, 9j: cbaDgi'ii 
produced by . lii deKriptlon of, 
ll; dliUlbuIlon of.SS: I'ffectof 
npon the aei, SI; rclailou of lo 



teitalloui al. Bi. 

Eqnalot. TO, TJ.7J. 

Eqnaiorlal Current, dl, tS ; i-auat 
of, 87. 

Eleflan windi, A). 

Europe, tonlratted with Korlh 
AmiTlrn. W riTl'of.St; dralnaee 
of. SI; lakea of, 4B; mounlaln 
ratip'B of, «.', *1; [wnUimilMOf, 



Fiord*. 34. 
Flora and fauna. 
Pl.irao(lh.'«-u, 



aWndant, 87. ' ' 
Food planta. nnce of. U 
Fnndy. Bay of, tides In, 



ObBalaHonniBln«,88; effect of on 

rainfall, 8V. 
tilaclcn, ainect of, M. K: a> rlvtr 

Foarcee, k; dlntriballon of, BT; 

Dfl; molion of, Dfi:' of Alp>, ll7;of 



7 ; Iranpoortlng poWer 
*ork of, 67. 



(ireenland, eabcldence of. 39. 

(jtulf of Ueiico, Bcdlnent carried 



130. 



iglily. bore of the. 80. 

tlorUon defined, 68. 

Ucman Iimily, coiidlilona lavor- 
ableIoclvir[inIlo»«r.1IK;dlTer- 
rlfled Indaelrlen of in middle 
lailmdea. 131; dlvenlty of. 116; 
-"-— -T of Intr — - •■->■ 



c, effect ofpreaiure on inclllng- 
imlnt of, X: law by which It 

Eland, geywre of, 14: hoi oprlngi 
of, 14. 
d<B. ib. 36, 48: monHwim of, M; 



Df, BBi c 



of, a-, f 



ndlan 
of, 1 

inre'of! Bl; "lii;3-wavi to,"SS!"" 
ndlnnRace, charocterlBtlcsof.llS. 
idiati Iteglon, animal* prcnllatbo, 

108; plant* pccullir lo, IIS. 
iduairlei of middle latitude!, 131; 

of the United Slate*. 1«, tat. 



formed, 30, ■»; vole 
ilUermallinef.M. 
lullaa Penlnula, 33. 



.mllo. form 
' of 'e, lo" 



Keelfoaf , falls of. 48. 

KhuU Ultla. rlilnfall on, 89. 
Ithlngan Jlonnlalne, 3D. 
Kllauca, crater of. IB, 
Kirghia Sleppre, M. 
Kong ilDUDtalni, 37. 
Knenlun3(ountalna.»4,afi. 



Luid.u 
of.H 



9; cKiuet of «lflritlon 

diatiibDtiod or. K: er- 

fecl» of »lev»llon of. W; oleva- 
tlon of, irr-S7: |!«ni,™l WrtiiiB- 
miiiL or over ihe globe. W; rela- 
tlDii or to Hir uiil wsict. X. 

Luid'bmse. IB. 

LiTV emlulon of eiplained^ 18; 
formauonor. 10; Mrtmuaof, IB, 

Life at pliaU Aiid anlmalB, Ini. 

Ll|.'1>t, dlffurloii nf. Imw caux.'U. S!i, 

Liicbtning. W. 

Line uf no varlBtluii, bistorirof. 11. 

Lipui liilandf. IH. M. 



Maenetlc iintdle. 
JUgDMlsin, ranee 



tiDBu nl, llfl; fnlliie 

phrelml neogniphT. 

nnge of pluuu and i 

leuded by. fXI. 
Hun, plwict. 7. 
UedllemDvan Sel. 47: i 

B<Bpoi»tloti froui. & 



Mlnea. Uimpcntore of. 13. 
Miner. W. 

MfHlMlppi, M); bariif, 47; baxliior. 



Molitnn-of thsalr.SB. 
Moiuolian race. chanclcrlKilce nf. 

MoDaooD*, ciaK and effect* nf. 8D. 
Uuht munc, 3A; boiling point 0», 

Monntolui. rcmnatlun uf. in, 38; 
lufloenci- of on ollmal*. »; In- 
flnencp of un drainage. Hi; ng- 



variitlDni Dl, 11. 
Vtrm Ilaea, 17 
MnXiine. p1*ncl,7; yiti and m:a- 

«on« of, H. lU. 
Nodtnl line, 10. 
VCti of glu-lcrx. <M. 
N«w England anil Ihi' liulf SlalcJi 

COUIIBHiVd, 121. 

Xew ZEBlaiid. g'^jruen iiT. M, 

Niapan Fallx, M. 

Nile, why It bax nion! Ihan one 
oiiHcI. 48: di-lin uf. »r, n, 4»: 
o.iMlow of. an, flS. BS: milda of, 
46. 

North Sea, Sa. 



OcitAHBAaiitH, romiiiar.&l. 
Oci^uiid ctn:nlntl' 

H: bedi of. M.IiE; 




ZotJi.rhiTrAi. rejzlonii I'.vdned. 1 

Zuiiea. of vegetation, lua: of animal 

life, lUH i or lempcreture, n. 




The Introduction Price is the price 
at which books will be furnished FOR 
FIRST INTRODUCTION Into schools where 
not already in use, and is the price to be 
charged the pupil when no old book is 
given in exchange. 

The Exchange Price is the price at 
which books will be furnished in EXCHANGE 
for corresponding books displaced.— the 
old books to be sent to us in addition to 
the price. 

The difference between the introduction 
price and the exchange price is always the 
ALLOWANCE made for the old book. 

For example, ihu inlroduction price of Holmes' First 
Keader is is cents. A pupil may always buy for inlroduc- 
lion at this price; but if he has an old First Render ond 
surrenders it. he buys at q cents, which is the exchonge 
price. The allowance is 6 cents. 

The authorship, quality, or coodition of the old book 
la not taken into account. It will be received, and the 
allowance made, no matter how much it may be soiled 
or worn, provided that it is in actual school-room uk 
it the time Holme'.' Reader is adopted 

Sample copies for examination furnished 

to teachers and school officers upon receipt 
of the introduction price. 

Books 50 ordered may be returned if uu&a[isfBclory. 
and the money jisid Ihereon refunded. If adopted due 
credit will tie given on order for first supplies. 
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GEOGRAPHIES. --^ =^ 

s Elementary Geography . . ■ $o ss ^ 33 
Manual of Geography. Revitcd . l 3$ 
'■ Physical Geography. Revised . i ao 

Wall Maps. Set of Eight Mnp-i. 
Cloth backs on rollers. Net . lo oo 

Sipsntely. >;i>(le mapt. (i.ai , tloublE. (i.<r-. 

READERS. 

Holmes' First Reader (A^™ Edilhn) . H 

La^cr First Reader " iS 

Second Reader '" 15 

Third Reader " - . 40 

Fourth Reader " ■ 5° 

Fifth Reader " . . ja 
Beginner's Reading Book (irW.if'j 

EdiliBH) 36 

> Reading Bouk ( TeacA. 



1 Edili 



Second Reading Book .... 40 

Third Reading Book .... 56 

Fotirlh Reading Book .... Bo 

Lippincoll's Popular First Reader I n-'iVi'jon; to 

Popular Second Reader *■ 33 

" PopiibrThird Reader " 44 

Popular Fourth Rf ader ■ 60 

Popular Fifth Reader ■' qo 

SPELLERS AND SUPPLE- 
MENTARY READING. 

Imcs' Elemcnlarj Spelling book . 13 

Lippincotl's Popular Spelling Book . 10 

' Holmes' Academic or Siilh Reader . . » 00 

I Lippincolt's Classic English Reader . I 00 

I " Popular Sixth Reader ... I 00 

Smith'g Lang Syne (paper, aj cenli), doth Jo 






IwH'^lfAg 





J 


~t. 1 




"iS;" 


^^V 1 


Venoble't New Elementary Arilbmclk 


«o 40 to 24 |{ 


New Practical ArilhioetLC . 


65 


40 


First Lessons in Numbers . 


18 




Inennediate Arilhmeiic 


16 


33 


Practical Arithmetic {Old Ed.) 


64 


18 


MenIBi Arithmetic . . . 


3i 


17 


" Easy AigebiB 


60 




High School Algebra . . . 


T 00 


6S 






90 


Sanford's Primary Arithmetic . . 


» 


" Intermedlaie Arithmetic . . 


16 


n 1 


Common School Arithmetic 


64 


38 1 


Higher Arithmetic . . . 




60 


Elementary Algebra , . , 


I 00 


6a 


HISTORY, Etc. 






Holmes' History of the United Slates 


t oo 


60 


Carter's Elements of General History. 


I 00 


65 ■ 


Thrall's History of Texas .... 


64 




1 Johnston and Browne's English Literature 


I 00 


6^ 1 




45 


30 


LATIN. 




j 


Gildersleeve's New Ijitin Primer . . 




<o ' 


Lalin Grammar , . . 




6s i 


Latin Reader .... 


73 


48 


Lalin Exercise- Book . 


72 


48 


Filth Book of Os«r . 




— 


Perrin'sCisar's Civil War. With Vocab' 




— 


MODERN LANGUAC 


:s. ■'■ 




De Vere's Introduclion to French. . , 






" French Grammar .... 




So 


First French Reader . . . 


S3 




Knoflach's German Simplified . . . 




60 




I 00 


60 
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University Sublisliing ©0. 

EDUCATIONAL PUBLISHERS, 

66 and 68 DUANE STREET. 
NEW YORK. 

OCTOBER, 1891. 



